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2-ACYLAMIDO DERIVATIVES OF 
3, 4— D IHYDRO— 3—OXO— QUINOXALINE 
HAVING PHARMACEUTICAL ACTIVITY 

5 

BACKGROUND OF THE INVENTION 

The present invention relates to novel 
2-acylamides of 3, 4-dihydro-3-oxo-quinoxaline useful 

10 as pharmaceutical agents , to methods for their 

production, to pharmaceutical compositions and to 
methods of use therefor. 

The compounds of the present invention are active 
as mediators of excitatory amino acid receptors. 

15 Such activity is useful in the treatment of 

neurodegenerative disorders including cerebrovascular 
disorders as well as in the treatment of 
schizophrenia/ Parkinson's disease, or epilepsy; and 
as analgesics and anxiolytics. 

20 Excessive excitation by neurotransmitters can 

cause the degeneration and death of neurons. It is 
believed that this degeneration is in part mediated by 
the excitotoxic actions of glutamate and aspartate at 
the N-methyl-D-aspartate (NMDA) receptor. This 

25 excitotoxic action is responsible for the loss of 

neurons in cerebrovascular disorders such as cerebral 
ischemia or cerebral infarction known as at least part 
of a range of conditions/ such as thromboembolic or 
hemorrhagic stroke, cerebral vasospasm, hypoglycemia, 

30 cardiac arrest, status epilepticus, perinatal 

asphyxia, anoxia such as from drowning, pulmonary 
surgery and cerebral trauma. 

There are no specific therapies for these 
neurodegenerative diseases; however, compounds which 

35 act specifically as antagonists of the NMDA receptor 



complex, either competitively or noncompetitive^, 
offer a novel therapeutic approach to these disorders 

R. Schwarcz and B. Meldrum, The Lancet 140 
(1985) ; 

B. Meldrum in "Neurotoxins and Their 
Pharmacological Implications" edited by P. Jenner, 
Raven Press, New York (1987); 

D. W. Choi, Mauron 1:623 (1988). 

Confirmation of the protective effects of 
noncompetitive NMDA antagonists in various 
pharmacological models of neurodegenerative disorders 
have appeared in the literature: 

j. W. McDonald, F. S. Silverstein, and 
M. V. Johnston, far- J- Ph armacol. 140:359 (1987); 

r. Gill, A. C. Foster, and G. N. Woodruff, J_*. 
Meurosci. 7:3343 (1987); 

S. M. Rothman, J. H. Thurston, R. E. Hauhart, 
G. D- Clark, and J. S. Soloman, Neurosci., 21:673 
(1987) ; 

M. P. Goldbert, P-C. Pham, and D. W. Choi, 
Neurosci- Lett. 80:11 (1987); 

L. F. Copeland, P. A. Boxer, and F. W. Marcouac, 
Soc. Neurosci. Abstr. 14 (part 1) :420 (1988); 

J. A. Kemp, A. C. Foster, R. Gill, and 
G. N. Woodruff r TIPS 8:414 (1987); 

R. Gill, A. C. Foster, and G. N. Woodruff i_ 
Neurosci. 25:847 (1988); 

C. K. Park, D. G. Nehls, D. I. Graham, 
G. M. Teasdale, and J. M. McCulloch, Ann. Neurol. 

24:543 (1988); 

G. K. Steinburg, C. P. George, R. DeLaPlaz, 
D. K. Shibata, and T. Gross, Stroke 19:1112 (1988); 

J. F. Church, S. Zeman, and D. Lodge, 
toftafchesioloov 69:702 (1988) . 
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D.S. Patent Number 4,181,724 discloses certain 
acids and esters of quinoxalinone compounds useful for 
asthma, eczema, or urticaria in animals. U.S. Patent 
Nos. 4,210,647 and 4,264,600 and European Patent 
5 Publication No. 010,426 disclose more specifically 

substitutions on acids and esters of quinoxalinone 
compounds that are useful as antivirals, especially 
against influenza viruses. The further preparation of 
these compounds is as in Japanese application 

10 1075-474-A described in Derwent Abstract No. 

89-132587/18. Quaternary ammonium salts of certain 
acids of quinoxalinone compounds are also disclosed as 
antivirals in U.S. 4,252,954. Amido derivatives of 
quinoxalinones are substituents of 

15 alkylarylsulfonylureas for use in hypoglycemia in 

Belgium Patent No. 764,998 and also are substituents 
of cephalosporins for use as antibacterials in 
European Application No. 304,158. 

Each of these references differs from the present 

20 invention by the hydroxamate; amide; acyl urea; acyl 

carbamate; imide; acyl sulfonamide; or hydrazine 
derivatives of the quinoxalinone as disclosed herein. 

SUMMARY OF THE INVENTION 

25 

The present invention provides compounds of the 
formula 



30 




I 



Rl2 0 



35 
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or tautomers thereof; or a pharmaceutically acceptable 
base or acid addition salt thereof; wherein 

(1) Y is oxygen or sulfur; 

(2) R x , R 2 r Riir R 12 are independently 

5 hydrogen, lower alkyl, halogen, trifluoromethyl, 

cyano, nitro, methylthio, lower alkenyl, lower 
alkynyl, S0 2 NH 2 , S (0) X _ 2 R wherein R is hydrogen or 
lower alkyl, 0CF 3 , or two of R lf R2/ *ur a»<* R 12 
can be taken together to form a carbocyclic ring 

10 of six carbons, or can be taken together to form 

a heterocyclic or heteroaryl ring wherein the 
heteroatom is oxygen, sulfur, or nitrogen, and 
wherein the carbon on the carbocyclic ring is 
optionally further substituted by one of Rj., R^r 

15 Rii* or R 12 ; 

(3) X is 

(a) NR 6 S0 2 R 3 , 

(b) NR 6 R 3 with the proviso that one of R 6 
and R 3 must be other than hydrogen and at 

20 the same time one of R lf , R 2 r Riir ^2 

must be other than hydrogen, 

(c) NR 6 OR 3 , 

(d) NR 6 CONR 3 R 4 with the proviso that one of 
R 3 and R 4 must be other than hydrogen, 

25 (e) NR 6 COR 5 , 

(f) NR 6 C0 2 R 3 , 

R C H 
I 6 | 

(g) N-N-C0 2 R 3 
30 R « H 

(h) N-N-S0 2 R 3 

(i) an amino acid residue which is 
phenylglycine, phenylalanine, alanine, 

35 leucine, isoleucine, proline, or valine, 
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(j) lower alkyl esters of the amino acid 
residue as defined above; 
wherein 

i) R 3 and R 4 are independently 
5 1) hydrogen; 

2) alkyl of from one to 
twenty carbons , preferably one to 
twelve carbons; 

3) alkenyl of from three to 

10 twenty carbons, preferably three 

to twelve carbons; 

4) alkynyl of from three to 
twenty carbons, preferably three 
to twelve carbons; 

15 5) aryl which is phenyl, 

indenyl, or naphthyl wherein 
phenyl is 

aa) unsubstituted or 
bb) substituted by one to 
20 five of lower alkyl or 

halogen, or 

cc) substituted by one to 
three of 

xxi) trif luoromethy 1 , 
25 xxii) nitro, 

xxiii) amino, 

xxiv) mono- or di-lower 
alkylamino, 

xxv ) hydroxy, 

30 xxvi) lower alkoxy, 

xxvii) carboxy, or 

xxviii) NHCOR 5 wherein R 5 
is independently as 
defined below, 

35 
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O 

xxix) NHCOAlkj-g wherexn 
Alkj_ 6 is lower alkyl, 

xxx) NHS0 2 R 5 wherein R 5 
is independently as 
defined herein, 

xxxi) CN, 

xxxii) CONR 5 R 6 wherein R 5 
and R 6 are independently 
as defined herein, 

xxxiii) S(O) 0 _ 2 R 5 wherein 
R 5 is independently 
defined herein, 

O 

I 5 

xxxiv) -CR°; 

6) arylloweralkyl; 

7) arylloweralkenyl; 

8 ) heterocy cle ; 

9) heteroaryl; 

10) (CH 2 )^R 7 wherein q is an 
integer of one to four and R 7 is 

(A) heterocy cle, 

(B) heteroaryl, 

(C) S0 2 R 8 wherein R 8 is 
hydrogen or lower alkyl and R 
is independently as defined 
herein, 

(D) P0 3 R 8 wherein R 8 is as 
defined above, 

(E) C0 2 R 8 wherein R 8 is as 
defined above, or 

(F) NR 9 R 10 wherein R 9 and R 10 
are independently hydrogen or 



alkyl or R 9 and R 10 are taken 
together to form a heteroaryl 
ring; or 
11) an amino acid residue as 



defined above; 





t»5 


4 a 
IB 




i) 


hydrogen, 




2) 


lower axjcy x , 




3) 


lower alkenyl, 




4) 


aryl, 




5) 


arylloweralkyl , 




6) 


arylloweralkenyl , 




7) 


heteroaryl or 




8) 


heteroary lloweralky 1 ; 


iii) 


R« 


is 




1) 


hydrogen or 




2) 


lower alkyl, preferably 




hydrogen . 



The preferred compounds of the present invention 
include but are not limited to the compounds of 
Formula I wherein 14 and are chloro, Y is oxygen, 
and X is NHS (O) 2 CH 3 , NHS (O) 2 phenyl f or NHS (0) 2 (CH 2 ) 4 H. 

The more preferred compounds of the present 
invention are 6, 7-dichloro-3, 4-dihydro-3-oxo-N- 
[phenylsulf onyl] -2-quinoxalinecarboxamide and 
6, 7-dichloro-3, 4-dihydro-N- (methylsulf onyl) -3-oxo-2- 
quinoxalinecarboxamide . 

The present invention also includes a 
pharmaceutical composition for the use of treating 
cerebrovascular disorders, treating disorders 
responsive to the blockade of glutamic and aspartic 
acid receptors, or treating cerebral ischemia, 
cerebral infarction, cerebral vasospasm, hypoglycemia, 
cardiac arrest, status epilepticus, cerebral trauma, 
schizophrenia, epilepsy, neurodegenerative disorders. 
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10 



Parkinson's disease, Alzheimer's disease, or 
Huntington's disease comprising a therapeutically 
effective amount of a compound of Formula I together 
with a pharmaceutical^ acceptable carrier. 

The present invention also includes a method for 
treating cerebrovascular disorders which comprises 
administering to a patient in need thereof the above 
pharmaceutical composition in unit dosage form. 

The present invention also includes a method for 
treating disorders responsive to the blockade of 
glutamic and aspartic acid receptors comprising 
administering to a patient in need thereof a 
therapeutically effective amount of the above 
composition in unit dosage form. 
15 The invention also includes a method for treating 

cerebral ischemia, cerebral infarction, cerebral 
vasospasm, hypoglycemia, cardiac arrest, status 
epilepticus, cerebral trauma, schizophrenia, epilepsy, 
neurodegenerative disorders, Parkinson's disease, 
20 Alzheimer's disease, or Huntington's disease 

comprising administering to a patient in need thereof 
a therapeutically effective amount of the above 
composition in unit dosage form. 

The invention also includes a method for treating 
25 stroke in patients in need thereof which comprises 

administering to a patient in need thereof a 
therapeutically effective amount of the above 
composition in unit dosage form. 

The invention also includes using as an 
anesthetic or using together with an anesthetic the 
above composition in surgical operations where a risk 
of cerebrovascular damage exists. 

The invention further includes processes for the 
preparation of compounds of Formula I wherein one of 
the novel intermediates of the Formula II' wherein R 6 



30 



35 
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is hydrogen are treated to obtain selected 
corresponding compounds of the Formula I. Further, 
the compounds of the Formula IV are treated to obtain 
compounds of Formula I . 
5 The invention still further includes novel 

intermediates useful in the processes. The novel 
intermediate of the present invention is a pure 
compound of the formula (II') 



10 R x 



II' 



15 

wherein R x and R X1 are as defined above with the 
proviso that R' 2 and R' 12 are independently hydrogen or 
halogen with the proviso that at least one of R' 2 and 
R' 12 are halogen, and R 6 is as defined herein. 
20 A novel intermediate of the present invention is 

also a compound of the Formula V 



R 12 

30 wherein R lf R 2f R X1 , and R 12 are as defined above and 

Alk lw6 is lower alkyl. 

An additional novel intermediate of the present 
invention is a compound of the Formula (IV) 
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R > H 



x: 



1 !L 1 IV 
I h 

R 12 

wherein R lf R 2 , lui *12' *» d aS defined 

above. 

Further, the present invention is a process for 
the preparation of a compound of the Formula (L) 

R 2 



R 12 O 

wherein R x , ^ Rii* ^12' Y are as defined 

above. 

The present invention is a process which 
comprises 

1) treating a compound of the Formula (VI) 



R2v rV NH 

Rl2 



VI 



with sodium nitrite to obtain a compound of the 
Formula V 
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R X 2 

then 

2) treating the compound of the Formula V of 
Step 1) with hydrogen over Raney nickel and then with 
TiCl 3 to obtain a compound of the Formula IV 



15 



3) treating the compound of the Formula XV of 
20 Step 2) with n-bromosuccinimide, bromine, NaOCl, or 

2, 3-dichloro— 5, 6-dicyano-l, 4-benzoquinone (DOQ) in an 
inert solvent to obtain a compound of the 
Formula (II' i) 




4) hydrolyzing the compound of the Formula II * x 
with a hydroxide such as sodium or potassium 
hydroxide; to obtain the compound of the 
35 Formula (II' 2 ) 
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Ri H 



R2 \/V ii' 



R12 

wherein R x , Rg, Rur and R^ are as defined above and 
Alk 1-6 is lower alkyl. 

This process is shown in Scheme E hereinafter. 

DETAILED DESCRIPTION 

Loweralkyl means a straight chained or branched 
15 chain of from one to four carbon atoms including but 

not limited to methyl , ethyl, propyl, butyl. 

Loweralkenyl means a group from two to 
four carbon atoms, for example, but not limited to 
ethylene, 1,2- or 2, 3-propylene, 1,2- 2,3-, or 3,4- 

20 butylene. 

Loweralkynyl means a group from two to 
four carbon atoms, for example, but not limited to 
ethynyl, 2, 3-propynyl, 2,3-, or 3,4-butynyl; propynyl 
is the preferred group. 

25 Cycloalkylloweralkyl means cycloalkyl of from 

three to six carbon atoms and lower alkyl as above, 
meaning for example, cyclopropylmethyl, 
cyclobutylmethyl, cyclopentylmethyl; cyclopropylmethyl 
is the preferred group. 

30 Loweralkoxy means a group of from one to four 

carbon atoms, for example, but not limited to methoxy, 
ethoxy, propoxy; methoxy is the preferred group. 

Halogen is fluorine, chlorine, bromine, or 
iodine; fluorine, chlorine and bromine are the 

35 preferred groups. 
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Arylloweralkyl means aryl as defined above and 
alkyl as defined above , for example f benzyl , 2- 
phenylethyl, 3-phenylpropyl; preferred groups are 
benzyl and the benzyl or phenyl is as substituted 
above. 

Arylloweralkenyl means aryl as defined above and 
alkenyl as defined above, for example, 
2-phenylethenylenyl, 3-phenylpropenylenyl; preferred 
groups are 2-phenylethenylenyl and the phenyl is as 
substituted above. 

Monoloweralkylamino means a group containing from 
one to four carbon atoms, for example, but not limited 
to methyl amino, ethylamino, n- or i- (propylamine or 
butyl amino) . 

Diloweralkylamino means a group containing from 
one to four carbon atoms in each lower alkyl group, 
for example, but not limited to dimethyl amino, 
diethylamino, di- (n-propyl) -amino, di- (n-butyl) -amino, 
or may represent a fused ring, for example piperidine. 

Heteroaryl means a 5- or 6-membered monocyclic, 
bicyclic, or fused bicyclic heteroaryl* The monocycle 
or fused bicyclic aromatic ring contains at least 1 to 
4 heteroatoms in at least one ring, such as nitrogen, 
oxygen, or sulfur or a combination thereof. Such a 
heteroaryl group includes, for example, thienyl, 
benzothienyl, furanyl, benzofuranyl, pyridyl, 
py r imidiny 1 , pyr idaz iny 1 , py r az iny 1 , py r roly 1 , 
pyrazolyl, isothiazolyl, thiazolyl, oxazolyl, 
isoxazolyl, triazolyl, tetrazolyl, imidazolyl, 
benzothiazolyl, indolyl, quinolinyl, isoquinolinyl, or 
N-oxides of heteroaryl containing a nitrogen atom. 

More specifically, such a heteroaryl may be a 2- 
or 3-thienyl; which may further be substituted by, for 
example, a 2-, 3-, or 4-pyridyl ring; 2- or 3-furanyl; 
2-, or 3-, or 4-pyridyl or -pyridyl-N— oxide; 2—, 4-, 



WO 92/11245 



PCT/US91/08586 



-14- 



10 



30 



or 5-pyrimidinyl; 3- or 4-pyridazinyl; 2-pyrazinyl; 
2-pyrazinyl-N-oxide; 2- or 3-pyrrolyl; 3-, 4-, or 
5-pyrazolyl; 2-, 4-, or 5-oxazolyl; 2-, 4-, or 
5-thiazolyl; 3-, 4-, or 5-isoxazolyl; 3-, 4-, or 
5-isothiazolyl; 5-tetrazolyl; 3- or 

5-<l,2,4,-)triazolyl; 4- or 5- (1,2, 3-) triazolyl; 2-, 
4-, or 5-imidazolyl; 2-, 3-, 4-, 5-, 6-, or 7-indolyl; 
2-, 3-r 4-/ 5-, 6-, 7-, or 8-guinolinyl; 1-, 3-, 4-, 
5 „ f 6-, 7-, or 8-isoquinolinyl; 2-, 4-, 5-, 6-, or 
7-benzothiazolyl; 2-, 3-, 4- f 5-, 6-, or aryl, 
7-benzothienyl 1 , 2-benzisoxazol-3-yl . 

Heterocycle means piperidine, piperazine, 
tetrahydropyridine, tetrahydropyrahyl, pyrrolidinyl, 
pyrazolidinyl, oxazolidinyl, tetrahydrofuranyl, 
15 tetrahydrothienyl, and the like. Particularly 

included are N-piperidine and N-piperazine, which may 
be further substituted by phenyl. 

Well-known protecting groups and their 
introduction and removal may be used according to the 
20 skill in the art and are described, for example, in 

J. F. W. r Protectiv e Groups in Organic 

c^mlstrv. Plenum Press, London, New York (1973), and 
T. W. Greene, t>™*^ctive ^ nms in Organic Synthesis, 

Wiley, New York (1981) . 
25 The compounds of the present invention contain 

asymmetric carbon atoms. The instant invention 
includes the individual diastereomers and enantiomers 
which may be prepared or isolated by methods known to 
those skilled in the art. 

Selected compounds of the present invention can 
exist also as syn and anti forms and are also the 

present invention . 

Any resulting racemate can be resolved into the 
optical antipodes by known methods, for example by 
separation of the diastereomeric salts thereof, with 



35 



an optically active acid, and liberating the optically 
active amine compound by treatment with a base. 
Racemic confounds of the present invention cam thus be 
resolved into their optical antipodes e.g., by 
fractional crystallization of d- or 1- (tartarates , 
mandelates, or camphorsulf onate) salts. The compounds 
of the instant invention may also be resolved by the 
formation of diastereomeric amides or amides by 
reaction the compounds of the instant invention with 
an optically active activated carboxylic acid such as 
that derived from (+) or (-) phenylalanine, (+) or (-) 
phenylglycine, (+) or (-) -camphanic acid or by the 
formation of diastereomeric carbamates by reaction of 
the compounds of the instant invention with an 
optically active chloroformate or the like. 

Additional methods for resolving optical isomers, 
known to those skilled in the art may be used, for 
example those discussed by J. Jaques, A. Collet, and 
S. Wilen in Enantiomers. Ra *»*m»*--^g. and Resolutions, 
John Wiley and Sons, New York (1981) . 

Salts of the compounds of the invention are 
preferably pharmaceutically acceptable salts. The 
compounds of the invention are basic amines from which 
acid addition salts of pharmaceutically acceptable 
inorganic or organic acids such as strong mineral 
acids, for example, hydrohalic, e.g., hydrochloric or 
hydrobromic acid; sulfuric, phosphoric or nitric acid; 
aliphatic or aromatic carboxylic or sulfonic acids, 
e.g., acetic, propionic, succinic, gly colic, lactic, 
malic, tartaric, gluconic, citric, ascorbic, maleic, 
fumaric, pyruvic, pamoic, nicotinic, methanesulf onic, 
ethanesulf onic , hydr oxy ethane sulfonic , benzene- 
sulfonic, p-toluenesulfonic, or napthlenesulf onic acid 
can be prepared. 
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Selected compounds of the invention are also 
acids from which base salts may be prepared. 

Likewise, hydrates of compounds of the invention; 
for which hydrates may exist, are also the present 

5 invention. 

The compounds of the instant invention exhibit 
valuable pharmacological properties by selectively 
blocking the N-^aethyl-D-aspartate sensitive excitatory 
amino acid receptors in mammals. The compounds are 

10 thus useful for treating diseases responsive to 

excitatory amino acid blockade in mammals. 

Such disorders include but are not limited to 
cerebral ischemia or cerebral infarction resulting 
from a range of conditions such as thromboembolic or 

15 hemorrhagic stroke, cerebral vasospasm, hypoglycemia, 

cardiac arrest, status epilepticus, perinatal 
asphyxia, anoxia such as from drowning, pulmonary 
surgery, and cerebral trauma. Other treatments are 
for schizophrenia, epilepsy, spasticity, 

20 neurodegenerative disorders such as Parkinson's 

disease, Alzheimer's disease or Huntington's disease. 
Olivopontocerebellar atrophy, spinal cord injury, and 
poisoning by exogenous NMDA poisons (e.g., some forms 
of lathyrism) . Further uses are as analgesics and 

25 anesthetics, particularly for use in surgical 

procedures where a finite risk of cerebrovascular 

damage exists. 

The effects are demonstrable in in vitro tests or 
in vivo animal tests using mammals or tissues or 

30 enzyme preparations thereof, e.g., mice, rats, or 

monkeys. The compounds are administered to patients 
enterally or parenterally, for example, orally, 
transdermally, subcutaneously, intravenously, or 
intraperitoneal^. Forms include but are not limited 

35 to gelatin capsules, or aqueous suspensions or 
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solutions. The applied in vivo dosage may range 
between about 0.01 to 100 mg/kg, preferably between 
about 0.05 and 50 mg/kg, most preferably between about 
0.1 and 10 mg/kg. 
5 Methods of synthesis of the compounds of the 

instant invention are illustrated in Schemes A, B, and 
C. The preparation of compounds of the Formula I' 
wherein X is NR 6 S0 2 R 3 , NR^ 3 , NR 6 OR 3 , NR 6 COR 5 , 
NR 6 NHS0 2 R 3 / NR^TOCOaR 3 or NR 6 C0 2 R 3 and R 12 , and R lf 

10 R 2 , R 3 , R 4 f R 5 / and R 6 are as previously defined and 

are illustrated in Schemes A and B. 
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Scheme A 



3? N 0 1) A/c«rix>xyl<iiimi<ia*ol« Ra^^s^ 11 ^ 0 



R2 

■i^V^ ^ C ° 2H CM «W 

XX 



R 12 (c) NR*HCOR 3 wbare R 5 - aryl, *** 
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Further, preparation of compounds of the 
Formula I wherein X is NHCONR^R 4 and R 3 is H and R^ 

R2r Bur ^12' ^ R * are * S P*« viousl y d«f ined are 

illustrated in Scheme B. 



Scheme B 




35 
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The preferred method for making compounds of 
Formula I'' is shown in Scheme C. 

Scheme C 
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Scheme D consists of treating the compounds of 
Formula A with chloroethylmalonate, chloromethyl- 
malonate, or the like in a solvent such as benzene or 
toluene or the like to provide the compounds of the 
Formula B. The compounds of the Formula B are then 
treated with sodium ethoxide in ethanol or sodium 
methoxide in methanol to provide the compounds of the 
Formula C. The compounds of the Formula C are further 
reacted with phosphorous trichloride or phosphorous 
trihromide in a solvent such as tetrahydrofuran, 
dioxane, or the like to provide the compounds of the 
Formula D. 



WO 92/11245 



PCT/US91/08586 



-21- 
Scheme D 
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Scheme E shows a preparation for compounds of the 
Formula 1 which consists of treating the compounds of 
the Formula VI with sodium nitrite, potassium nitrite, 
or the like in an acetic acid/tetrahydrofuran/water 
solvent mixture to provide the compounds of the 
Formula V. The compounds of the Formula V are then 
hydrogenated over Raney nickel in a solvent such as 
tetrahydrofuran or dioxane or the like, followed by 
treatment with aqueous titanium trichloride to provide 
the compounds of the Formula IV. The compounds of the 
Formula IV are further reacted with bromine, 
n-bromosuccinimide, NaOCl, or 2, 3-dichloro-5, 6- 
dicyano-l,4-benzoquinone (DDQ) to provide the 
compounds of the Formula II' x . The compounds of the 
15 Formula II' x are subjected to saponification using KOH 

in water/ iPrOH or the like to give the compounds of 
Formula II' 2 « 



10 



WO 92/11245 



PCT/US91/08586 



-23- 
Scheme E 
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The preparation of Scheme E provides the 
preferred method of preparation for the Compound II' 2 

defined above. 

Generally, the compounds of the formula I above 
wherein X is NHS0 2 R 3 , NR 6 R 3 , NR 6 OR 3 , NR^ONR 3 * 4 , 
NR«COR 5 , NR 6 C0 2 R 3 , UR^SO^ 3 , NR 6 NHC0 2 R 3 , wherein Rj., 

R 2 , Bu, R 12 r R 3 , * 5 ' r€ are as defined above ' 
are prepared by the method of Schemes A-B above. 

Scheme A consists of treating a carboxylic acid 
of the general structure (II) with a coupling reagent 
in an inert solvent to produce an activated carboxylic 
acid derivative. The resulting activated carboxylic 
acid derivative is reacted with a variety of nitrogen 
nucleophiles to produce amides of the general 
structures I', wherein X, R 1 , R 2 , R 3 , * 4 / * 5 ' R 
are as defined above. Suitable coupling agents for 
this purpose include, for example, such reagents as 
thionyl chloride, acetic anhydride, oxalyl chloride/ 
DMF, carbonyldiimidazole, DCC, and diphenylphosphoryl 
azide, preferably carbonyldiimidazole. By -activated 
carboxylic acid derivative" is meant an acid 
derivative which is capable of acylating an amine. 
Such acid derivatives include, for example, acid 
chlorides, acid bromides, anhydrides, and mixed 
anhydrides. By "inert solvent" is meant a nonprotic 
solvent such as, for example, methylene chloride, 
chloroform, carbon tetrachloride, ethyl acetate, 
tetrahydrofuran, and dimethylf ormamide . 

Compounds of the Formula Ilia in Scheme C may be 
further reacted to protect the carbonyl of the 
quinoxaline ring with either a methoxy or allyloxy 
functionality to provide a compound of Formula IVa. 
The acid IVa is converted to the acid chloride 
followed by treatment with ammonia to produce the 
35 amide Va. Compounds of the Formula Va are further 



20 



25 



30 



elaborated by treatment with an isocyanate, 
symmetrical anhydride or a symmetrical pyrocarbonate 
to generate derivatives of structural Formula Via. 
Formula Via is deprotected with trimethylsilyl iodide 
or a combination of trimethylsilyl chloride and sodium 
iodide if the protecting ether is a methoxy group. 
The allyloxy group is removed using Wilkinson' s 
catalyst to afford compounds of Formula Vila. 

Overall the compounds prepared in the Schemes A-E 
may optionally be further treated by conventional 
methods to obtain compounds of the Formula I wherein Y 
is S. 

Pharmaceutically acceptable salts of the 
compounds of Formula I are also included as a part of 
the present invention. 

The base salts may be generated from compounds of 
Formula I by reaction of the latter with one 
equivalent of a suitable nontoxic, pharmaceutically 
acceptable base followed by evaporation of the solvent 
employed for the reaction and recrystallization of the 
salt, if required. The compounds of Formula I may be 
recovered from the base salt by reaction of the salt 
with an aqueous solution of a suitable acid such as 
hydrobromic, hydrochloric, or acetic acid. 

Suitable bases for forming base salts of the 
compounds of this invention include amines such as 
triethylamine or dibutylamine, or alkali metal bases 
and alkaline earth metal bases. Preferred alkali 
metal hydroxides and alkaline earth metal hydroxides 
as salt formers are the hydroxides of lithium, sodium, 
potassium, magnesium, or calcium. The class of bases 
suitable for the formation of nontoxic, 
pharmaceutically acceptable salts is well known to 
practitioners of the pharmaceutical formulation arts. 
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See, for example, Stephen N. Berge, et al, J- gharm - 

Sci. 1977;66:1-19. 

Suitable acids for forming acid salts of the 
compounds of this invention containing a basic group 
include, but are not necessarily limited to acetic, 
benzoic, benzenesulfonic, tartaric, hydrobromic, 
hydrochloric, citric, fumaric, gluconic, glucuronic, 
glutamic, lactic, malic, maleic, methanesulfonic, 
pamoic, salicylic, stearic, succinic, sulfuric, and 
tartaric acids. The acid addition salts are formed by 
procedures well known in the art. 

Further, the compounds of this invention may 
exist in unsolvated as well as solvated forms with 
pharmaceutical^ acceptable solvents such as water, 
ethanol and the like. In general, the solvated forms 
are considered equivalent to the unsolvated forms for 
the purposes of this invention. 

Starting materials for the processes described 
above are known or can be prepared by known processes. 

The products of the reactions described herein 
are isolated by conventional means such as extraction, 
crystallization, distillation, chromatography, and the 
like. 

PHARMACEUTICAL COMPOSITIONS 



The compounds of the present invention can be 
administered in a wide variety of oral and parenteral 
dosage forms. It will be obvious to those skilled in 
the art that the following dosage forms may comprise 
as the active component, either a compound of 
Formula I or a corresponding pharmaceutically 
acceptable salt of a compound of Formula I. 

For preparing pharmaceutical compositions from 
35 the compounds of the present invention, 



pharmaceutical^ acceptable carriers can be either 
solid or liquid. Solid form preparations include 
powders, tablets , pills, capsules, cachets, 
suppositories, and dispersible granules, A solid 
carrier can be one or more substances which may also 
act as diluents, flavoring agents, solubilizers, 
lubricants, suspending agents, binders, preservatives, 
tablet disintegrating agents, or an encapsulating 
material . 

In powders, the carrier is a finely divided solid 
which is in a mixture with the finely divided active 
component . 

In tablets, the active component is mixed with 
the carrier having the necessary binding properties in 
suitable proportions and compacted in the shape and 
size desired. 

The powders and tablets preferably contain from 
five or ten to about seventy percent of the active 
compound* Suitable carriers are magnesium carbonate, 
magnesium stearate, talc, sugar, lactose, pectin, 
dextrin, starch, gelatin, tragacanth, methylcellulose, 
sodium carboxymethyl cellulose, a low melting wax, 
cocoa butter, and the like. The term "preparation" is 
intended to include the formulation of the active 
compound with encapsulating material as a carrier 
providing a capsule in which the active component, 
with or without carriers, is surrounded by a carrier, 
which is thus in association with it* Similarly, 
cachets and lozenges are included. Tablets, powders, 
capsules, pills, cachets, and lozenges can be used as 
solid dosage forms suitable for oral administration. 

For preparing suppositories, a low melting wax, 
such as a mixture of fatty acid glycerides or cocoa 
butter, is first melted and the active component is 
dispersed homogeneously therein, as by stirring. The 
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molten homogeneous mixture is then poured into 
convenient sized molds, allowed to cool, and thereby 

to solidify. 

Liquid form preparations include solutions, 
5 suspensions, and emulsions, for example, water or 

water propylene glycol solutions. For example, 
parenteral injection liquid preparations can be 
formulated in solution in aqueous polyethylene glycol 
solution. 

10 Aqueous solutions suitable for oral use can be 

prepared by dissolving the active component in water 
and adding suitable colorants, flavors, stabilizing 
and thickening agents, as desired. 

Aqueous suspensions suitable for oral use can be 

15 made by dispersing the finely divided active component 

in water with viscous material, such as natural or 
synthetic gums, resins, methylcellulose, sodium 
carboxymethylcellulose, and other well-known 
suspending agents. 

20 Also included are solid form preparations which 

are intended to be converted, shortly before use, to 
liquid form preparations for oral administration. 
Such liquid forms include solutions, suspensions, and 
emulsions. These preparations may contain, in 

25 addition to the active component, colorants, flavors, 

stabilizers, buffers, artificial and natural 
sweeteners, dispersants, thickeners, solubilizing 
agents, and the like. 

The pharmaceutical preparation is preferably in 

30 unit dosage form. In such form, the preparation is 

subdivided into unit doses containing appropriate 
quantities of the active component. The unit dosage 
form can be a packaged preparation, the package 
containing discrete quantities of preparation, such as 

35 packeted tablets, capsules, and powders in vials or 
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ampoules. Also, the unit dosage form can be a 
capsule , tablet, cachet, or lozenge itself, or it can 
be the appropriate number of any of these in packaged 
form* 

5 The quantity of active component in a unit dose 

preparation may be varied or adjusted from 1 mg to 
1000 mg preferably 10 mg to 100 mg according to the 
particular application and the potency of the active 
component. The composition can, if desired, also 
10 contain other compatible therapeutic agents. 

METHOD OF TREATING 

The compounds of this invention are extremely 

15 useful in the treatment of central nervous system 

disorders related to their biological activity. The 
compounds of this invention may accordingly be 
administered to a subject, including a human, in need 
of treatment, alleviation, or elimination of an 

20 indication associated with the biological activity of 

the compounds. This includes especially excitatory 
amino acid dependent psychosis, excitatory amino acid 
dependent anorexia, excitatory amino acid dependent 
ischemia, excitatory amino acid dependent convulsions, 

25 and excitatory amino acid dependent migraine. 

Suitable dosage ranges are 0.1 to 1000 mg daily, 10 to 
400 mg daily, and especially 30 to 100 mg daily, 
dependent as usual upon the exact mode of 
administration, form in which administered, the 

30 indication toward which the administration is 

directed, the subject involved and the body weight of 
the subject involved, and further, the preference and 
experience of the physician or veterinarian in charge. 
The following nonlimiting examples illustrate 

35 the present invention. 
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General Prepar ation 1 

Py0 n a r a H 0 n ~* Mmekmd »cy1 1 phonamides 

Solutions: 14.1 g, 0.087 mole 
carbonyldiimidazole is dissolved in 250 mL dry DMF . 
To this is added 0.029 mole of a suitably substituted 
2-oxo-quinoxoline-3-carboxylate. This solution xs 
heated at 80«C for 2 hours under nitrogen, then dry 
DMF to make 300 mL is added and the solution cooled to 
25°C. 

Solution B: To a suspension of 0 .38 g, 
0.0116 mole sodium hydride in 30 mL dry DMF is added 
in one portion 0.0116 mole of the selected 
sulphonamide. This is stirred at 25-C for 2 hours. 
To Solution B is added 60 mL of Solution A at 
15 once. A solid is formed at this point. In the cases 

where the solid rapidly went into solution the 
reaction is stirred at 25«C for 1 to 5 days. When a 
solid remained after the mixing of the solutions, the 
reaction is refluxed for 1 to 8 hours to go to 

2 0 completion . 

in either case, the reaction is worked up by 
pouring into a mixture of 300 g each of ice and 
concentrated HC1. The precipitated solid is washed 
with water. The crude product is dissolved in hot DMF 

25 and precipitated with the addition of water. After 

cooling the solid is filtered, washed with cold DMF, 
water, heptane, then dried for 24 hours at 140-C under 
vacuum to yield the product as a yellow powder. In 
some cases acetonitrile, diethyl ether, or methanol is 

30 substituted for DMF as the washing solvent. 



General Preparation 2 

Preparation of 3. 4-dihvdro-N-alkoxv-3-oxo-2- 
quinoxaline carboxamides 

Solution B: To a suspension of 0.38 g, 
0.0116 mole sodium hydride in 30 mL anhydrous DMF is 
added in one portion 0.0116 mole of the selected 
O-alkylhydroxylamine hydrochloride or O-alkylaryl- 
hydroxylamine hydrochloride. This is stirred at 25°C 
for 1 hour. 

To Solution B is added 60 mL of Solution A as 
described for Method A. The reaction is stirred at 
25 °C for 1 to 5 days. The reaction is poured into a 
mixture of 300 g each of ice and 3N HC1. The solid is 
washed with 50 mL 5% NaHC0 3 , 50 mL water, 50 mL 
acetonitrile, and 50 mL diethylether . The product is 
dried at 140°C under vacuum. In some cases the 
product is recrystallized from DMF/water or is 
triturated by washing with hot acetonitrile or 
ethanol • 

General Preparation 3 

Preparation of 3 , 4-dihvdro-N-alkvl-3-oxo-2-cruinoxaline 
carboxamides 

Solution B: To a suspension of 0.38 g, 
0.0116 mole sodium hydride in 20 mL anhydrous DMF is 
added in one portion 0.116 mole of the selected amine 
hydrochloride of alternatively the free base of the 
amine may be employed directly without the use of 
sodium hydride. 

To Solution B is added 60 mL of Solution A as 
described for Method A. The reaction is stirred at 
25 °C for 1 to 5 days or stirred at 25 °C for 18 hours 
and then heated to 80 °C for 1 to 4 hours. The 
reaction is poured into a mixture of 300 g each of ice 
and 3N BC1. The solid is washed with 50 mL 5% NaHC0 3 , 
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50 ml water, 50 mL acetonitrile, and 50 oL 
diethylether. The product is dried at 140 °C under 
vacuum. In some cases the product is recrystallized 
from DMF/water or is triturated by washing with hot 
5 acetonitrile or ethanol. 

General Preparation 4 

PrftparatiOD of 3 . 4-di *wriro-3-n*P-N- T T (ftlfcvl) amino] - 
rarbonvll -2-auino3ealine carboxamides 

10 to 60 mL of Solution A in Method A is added 

1.49 g, 0.023 mol of sodium cyanate. The reaction is 
stirred at 25°C for 18 hours. The solvent is removed 
in vacuo at 60 °C. Chloroform is added and the crude 
beige solid was filtered. The solid is slurried in 

15 140 mL of anhydrous DMF and at least 0.046 mole of an 

alkyl or allcylaryl amine is added and the reaction was 
heated to 60 °C for 18 hours. The reaction is poured 
into a mixture of 300 g each of ice and 3N HC1. The 
solid is washed with 50 mL 5% NaHC0 3 , 50 mL water, 

20 50 mL acetonitrile, and 50 mL diethylether. The 

product is purified on a silica gel column eluted 
initially with methylene chloride followed by 
methanol/methylene chloride up to 30% methanol. The 
chromatographed product is washed with hot 

25 acetonitrile and filtered. The product is dried at 

140 C C under vacuum. 

General Prepar ation 5 

Preparation of 3 . 4-di_hvdro-3- r ( alkoxv) carbonyl 1 -2- 

30 guinoxaline ef ^"**"'^ 9 

To 60 mL of Solution A is described in Method A 
is added 1.49 g, 0.023 mol of sodium cyanate. The 
reaction is stirred at 25 °C for 18 hours. The solvent 
is removed in vacuo at 60 °C. Chloroform is added and 

35 the crude beige solid was filtered. The solid is 
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slurried in 140 mL of anhydrous DMF and at least 
0,046 mole of an alcohol is added and the reaction is 
heated to 60°C for 18 hours. The reaction is poured 
into a mixture of 300 g each of ice and 3N HC1. The 
5 solid is washed with 50 mL 5% NaHC0 3 , 50 mL water, 

50 mL acetonitrile, and 50 mL diethy lether . The 
product is purified on a silica gel column eluted 
initially with methylene chloride followed by 
methanol /methylene chloride up to 30% methanol. The 
10 chromato graphed product is washed with hot 

acetonitrile and filtered. The product is dried at 
140 °C under vacuum. 



15 EXAMPLE 1 

6 , 7-Dichloro-3 , 4-dihvdro-3-oxo-N- T (phenyl ) sulfonvl 1 -2- 
quinoxalinecarboxamide 

A solution containing benzenesulphonamide 
(0.91 g, 5.8 xnmol) and sodium hydride (0.24 g, 

20 5.79 mmol) in dry DMF (10 mL) was heated to 60°C for 

2 hours and cooled. A solution containing 3*9 mmol of 
the reagent prepared as described in General 
Preparation 1, Solution A was added to the 
benzenesulfonamide mixture. The reaction was stirred 

25 at 25 °C for 18 hours, poured onto ice/HCl and the 

precipitate was collected and dried to produce the 
amide as a yellow solid (0.7 g, 90% yield); mp .325- 
330°C. 

Elemental analysis calculated for C 1 3H 14 C1 2 N 4 0 2 : 
30 C, 45.24; H, 2.28; N, 10.55; CI, 17.80; 

S, 8.05. 

Found: C, 44.90; H, 1.94; N, 10.46; CI, 17.90; 
S, 8.24. 
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a , ff hi Qro - ^»- f 9- m^hvlamino) ethyll -3, 4-dih Y dro-3- 

oxo-2-m'inoxalir"""- K " vaBn ^ A(x 

To a solution containing N,N'-dimethylethylene- 
5 diamine (1.02 g, 11.6 mol) was in dry DMF (20 mL) was 

added a solution containing 5.8 mmol of the reagent 
prepared as described in General Preparation 1, 
Solution A. A yellow precipitate formed within 
5 minutes and the reaction was stirred an additional 
10 16 hours at 25 »C. The reaction was poured onto ice 

and the precipitate was collected and dried to produce 
the amide as a yellow solid (1.38 g, 72% yield); 
m.p. 272-274 «>C. 

Elemental analysis calculated for C 13 H 14 C1 2 N 4 0 2 : 
15 C, 47.41; fir 4.20; N, 17.10. 

Found: C, 47.43; H, 4.29; N, 17.02. 

EXAMPLE 3 

fi . 7-Pichlp™-3 . 4-diV^T-o-3-o~»-u- ( phenyl methpxy) -2- 

20 f-pi-i noxalinecarbox amide 

Sodium hydride (2.49 g, 15.6 mmol) was suspended 
in anhydrous DMF (20 mL) and O-benzylhydroxyamine 
hydrochloride (2.49 g, 15.6 mmol) was added in one 
batch. The reaction was stirred for 1 hour and a 

25 solution containing 7.7 mmol of the reagent prepared 

as described in General Preparation 1, Solution A was 
added. The reaction was stirred at 25-C for 4 days. 
The reaction was poured onto ice containing 6 N HC1 
and a yellow solid precipitated. The solid was 

30 filtered and washed with water followed by hot 

acetonitrile to produce the hydroxamate (2.23 g, 79% 
yield); m.p. 279-280°C. 

Elemental analysis calculated for C 16 H 11 C1 2 N 3 03 : 
C, 52.77; H, 3.04; N, 11.54. 
35 Found: C, 52.51; H/ 2.97; N, 11.73. 



-35 



EXAMPLE 4 

N- (Aminocarbonvl) -6. 7-dichloro-3, 4-dih Ydro-3-oxo-2- 
auinoxalinecarboxamide 

4, 5-Dichloro-l, 2-phenylenediamine (8.0 g, 
45.2 mmol) was dissolved in ethanol (300 mL) and water 
(30 mL) . Alloxan monohydrate (7.24 g, 45.2 nunol) was 
dissolved in ethanol/water (30 mL:70 mL) and added 
dropwise to the diamine solution. The reaction was 
stirred for 20 hours and the precipitate was collected 
by filtration. This crude product was slurried in hot 
DMF (steam bath) and filtered. The solid was washed 
with water, acetonitrile, and diethylether to produce 
the title compound as a yellow solid (10.5 g, 77% 
yield); m.p. >300°C. 

Elemental analysis calculated for C 10 H 6 Cl 2 N 4 O 3 : 

C, 39.89; H, 2.01; N, 18.61; CI, 23.55. 
Found: C, 39.75; H, 1.87; N f 18.52; CI, 23.64. 

EXAMPLE 5 

6. 7-Dichloro-3, 4«-dihvdro-3-oxo-N- \ I (ph envlmethvl) - 
amino! carbonvll -2— auinoxalinecarboxamide 

Sodium cyanate (1.0 g, 15.3 mmol) was added to a 
solution containing 3.35 mmol of the reagent prepared 
as described in General Preparation 1, Solution A. 
The Reaction was stirred at 25 °C for 18 hours. The 
e^lirAnf wAfl rAmnvAH in vacuo at 60 °C and the solid 
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liquor was further acidified to pH 2 and the yellow 
solid was filtered to produce a crude product (0.70 g) 
containing the title compound as the major component. 
This second solid was crystallized from DMF/water to 
afford the product as an off-white solid (0.67 g, 44% 
yield); m.p. 292-295°C. 

Elemental analysis calculated for C 17 H 12 C1 2 N403 : 

C, 52.19; H, 3.09; N, 14.32; CI, 18.12. 
Found: C, 52.12; H, 3.27; N, 14.14; CI, 18.03. 



EXAMPLE 6 

6,7-Dichloro-3,4-dihydro-3-oxo-N-t (phenylamino) - 
carbonyl] -2-quinoxalinecarboxamide 

Step 1 

15 ir.4.y, y i-3 . 6 T ^yichlo ^-2-^inoxalinecarboxylate 

Bthyl-6, 7-dichloro-3, 4-dihydro-3-oxo-2- 
quinoxalinecarboxylate (36.0 g, 0.125 mol) was 
suspended in toluene (500 mL) and DMF (12.5 mL) and 
thionyl chloride (12.5 mL, 0.17 mol) were added. The 
20 reaction was heated to reflux for 2 hours and the 

solution turned a deep purple. The reaction was 
cooled and the toluene was removed under reduced 
pressure. The crude material was chromatographed on a 
silica gel plug eluted with methylene chloride. The 
25 title compound was isolated as a pink solid (35.5 g, 

93% yield) . An analytical sample was prepared by 
recrystallization from hexane; m.p. 102-104 "C. 
Elemental analysis calculated for Cjji^ClsNjOa : 

C, 43.24; H, 2.31; N, 9.17. 
Found: C, 43.28; H, 2.23; N, 8.89. 



30 



Step 2 

6 . 1 n-ro-3m<vbh03EV-2-cruinoxa "» ineearboxvlate 

Sodium metal was added in small pieces to 
anhydrous MeOH (1500 mL) and the resulting sodium 



methoxide solution was cooled to 25°C. Ethyl-3, 6, 7- 
trichloro-2-quinoxalinecarboxylate (36.4 g, 0.119 mol) 
was added and the reaction was stirred for 18 hours. 
Water (500 ml*) was added and the reaction was stirred 
for 3 hours at 25 °C. The solvent was concentrated 
under reduced pressure to one— third of its original 
volume and the slurry was acidified to pH 2 with 25% 
hydrochloric acid. The mixture was stirred 30 minutes 
and the solid was filtered to yield the acid as a gray 
solid (30*8 g, 95% yield); m.p. 181-182°C. 
Elemental analysis calculated for C 10 H 6 C1 2 N 2 0 3 : 

C, 43.98; H, 2.21; N f 10.26. 
Found: C, 43.92; H, 2.02; N, 10.24. 

Step 3 

6 , 7-Dichloro-3-methoxv»2-Cfuinoxalinecar^^vami Ho 

6 , 7-Dichloro-3-methoxy-2-quinoxalinecarboxylate 
(16.38 g, 0.06 mol) was suspended in methylene 
chloride and' oxalyl chloride (6.24 mL, 0.072 mol) and 
DMF (2 drops) was added. The reaction was stirred for 
18 hours and the methylene chloride was removed under 
reduced pressure. The crude acid chloride was 
dissolved in anhydrous THF (500 mL) and ammonia gas 
was bubbled through the reaction for 1 hour. The 
reaction was then stirred for 18 hours at 25 °C. The 
reaction was poured into water and the precipitate was 
collected by filtration to afford the amide as an 
off-white solid (14.41 g, 88% yield); m.p. 237-241*C. 
Elemental analysis calculated for C 10 H 7 C1 2 N 3 0 2 : 

C, 44.14; H, 2.59; N, 15.44. 
Found: C, 44.07; H, 2.60; N, 15.33. 
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Step 4 

fi f 7-DicblQgQ-3-T "«*^hQ3cv-M- 

guinoxa] ineearbo xamide 

6 , 7-Dichloro-3-methoxy-2-q^inoxalinecarboxamide 

5 (1.75 g, 0.0064 mol) was dissolved in toluene (500 mL) 

and phenyl isocyanate (1.19 g, 0.01 mol) was added. 
The reaction was refluxed for 24 hours and the toluene 
layer was extracted with water, dried (MgS0 4 ) , 
filtered, and concentrated. The crude product was 
10 chromatographed on silica gel eluted with CH 2 Cl 2 /MeOH 

(95:5) to produce the acyl urea (1.44 g, 58% yield). 
A sample was recrystallized from CH 2 C1 2 /THF to afford 
an analytical sample. 

Elemental analysis calculated for C 17 H 12 C1 2 N 4 0 3 : 
15 C, 52.19; H, 3.09; N, 14.32. 

Found: C, 52.10; H, 2.79; N, 14.16. 

Step 5 

g | -7-rn „vo nro-3 , ^^vdro-Vnyo-N- f (phenyl ami no) - 

20 rarbonvl 1 -2 -cminox »l ineearboxamide 

6, 7-Dichloro-3-methoxy-N- [ (phenylamino) carbonyl] - 
2-quinoxalinecarboxamide (1.25 g, 0.0032 mol) was 
dissolved in methylene chloride (200 mL) and 
trimethylsilyl iodide was added. The reaction was 

25 stirred at 25°C for 18 hours. The reaction was poured 

into 5% sodium bisulfite and stirred for 10 minutes. 
The two layers were filtered to produce a crude solid. 
The solid was dissolved in a minimum of DMF, stirred 
over charcoal and filtered through a Celite pad. The 

30 bright yellow solution was diluted with BtOH so that 

the composition of the solution was approximately 
EtOH/DMF (2:1) . Water was added to the point of 
cloudiness, Hhe solution was cooled to 5°C and 
filtered to produce the title compound as a yellow 

35 solid (0.21 g, 17% yield); m.p. >3Q0«C. 



Elemental analysis calculated for C 16 H 10 Cl 2 N 4 O 3 : 

C, 50.95; H, 2.67; N, 14.85. 
Found: C, 50.73; H, 2.56; N, 14.83. 

EXAMPLE 7 

N-acetyl-6, 7-dxchloro-3, 4-dihydro-3-oxo-2-quinoxaline- 
carboxamide 

Step 1 

6, 7-Dichloro-3 (2-propenvloxv) -2-cruinol inecarboxvlic 
acid 

Sodium metal (2.8 g, 0.122 mol) was added in 
small pieces to allyl alcohol (150 mL) over a 
20-minute period. The allyloxy solution was cooled to 
25 °C and ethyl-3, 6, 7-trichloro-2-quinoxaline- 
carboxylate was added in one batch. The solid 
dissolved in solution briefly and a precipitate then 
formed. The reaction was stirred at 25°C for 18 hours 
and water (60 mL) was added and the reaction was 
stirred for an additional 4 hours. The allyl alcohol 
was removed under reduced pressure and water (100 mL) 
was added. The reaction was acidified to pH 2 with 
6N hydrochloric acid. A precipitate formed and was 
filtered and washed with water to afford the title 
compound as a pale purple solid (6.58 g, 85% yield); 
m.p. 160-161°C. 

Elemental analysis calculated for C^HeC^NgCVO.lSI^O: 

C, 47.76; H, 2.77; N, 2.98. 
Found: C, 45.57; H, 2.77; N, 9.11. 

Step 2 

6, 7HDichloro-3- (2-propenvloxv) -2-cruinoxaline- 
carboxamide 

6, 7-Dichloro-3- [ (l-propyl-2-ene) oxy] -2- 
quinoxalinecarboxylate (5.0 g, 0.0167 mol) was 
suspended in methylene chloride and oxalyl chloride 



WO 92/11245 



PCT/US91/08586 



10 



15 



-40- 

(1.75 mL, 0.02 mol) and DMF (2 drops) was added. The 
reaction was stirred for 4 hours and the methylene 
chloride was removed under reduced pressure. The 
crude acid chloride was dissolved in anhydrous THF 
(150 mL) and ammonia gas was bubbled through the 
reaction for 30 minutes. The reaction was then 
stirred for 18 hours at 25°C. The reaction was poured 
into water and the precipitate was collected by 
filtration to afford the amide as an off-white solid 
(4.57 g, 95% yield); m.p. 185-186°C. 
Elemental analysis calculated for C 12 H 9 C1 2 N 3 0 2 : 

C, 52.96; H, 4.44; N, 12.35. 
Found: C, 51.53; H, 4.26; N, 12.04. 



Step 3 

w-Avl r f 6 , 7-dichloro -3- ( 2-pronftnvloxv) -2- 
qtiinoacalin Y n carb oy "» 1 carbamate 

Dichloro-3- (2-propenyloxy) -2-quinoxaline- 
carboxamide (0.5 g, 1.68 mmol) and diethyl- 
20 pyrocarbonate (20 mL) were heated at 140°C for 

18 hours. The carbonate was removed under reduced 
pressure and the crude product was chromatographed on 
a silica gel column eluted with methylene chloride. 
The product eluted as a clear oil which solidified 
25 upon standing (0.32 g f 51% yield). 

Step 4 

Efchvl T r 6 , 7-riichlQT-o-3 . 4-di>Y*™-3-oxo-2- 
epiinoxalinvll ca rbonvll C"*«" afa 

30 6, 7-Dichloro-3- [ (l-propyl-2-ene) oxy] -N- (ethoacy- 

carbonyl)-2-quinoxalinecarboxamide (0.32 g, 0.97 mmol) 
was dissolved in THF (18 mL) and water (2 mL) and 
tris (triphenylphosphine) rhodium chloride (30 mg) . The 
reaction was refluaced for 30 minutes, cooled, and 

35 filtered through a Celite pad. The THF was removed 

under reduced pressure and the crude product was 



recrystalliaed from ethyl acetate to afford the title 
compound as a yellow solid (80 tag) . 

EXAMPLE 8 

N-acetyl-6 , 7-dichloro-3 , 4 -dihydro-3 -oxo-2 -quinoxal ine- 
carboxamide 

Step 1 

N-acetvl-6. 7-dichloro-3- (2-propen vloxv) -P-eruinoxaline- 
carboxamide 

6, 7-Dichloro-3- (2-propenyloxy) -2 -quinoxal ine- 
carboxamide (1.2 g, 0.004 raol) was suspended in acetic 
anhydride and heated to reflux for 18 hours. The 
reaction was cooled and the acetic anhydride was 
removed under reduced pressure at 60 °C. The crude 
solid was recrystallized from toluene to yield the 
imide as a beige solid (0.58 g, 43% yield) . 
Elemental analysis calculated for C 14 H 10 C1 2 N 3 0 3 : 

C, 49.58; H, 2.97; N, 12.39. 
Found: C, 49.32; H, 3.19; N, 12.29. 

Step 2 

N-acetvl-6 . 7-dichloro-3 . 4-dihvdro-3-oxo -2--auinoxaline- 
carboxamide 

N-acetyl-6, 7-dichloro-3- (2-propenyloxy) -2- 
quinoxalinecarboxamide (0.50 g, 1.47 mmol) was 
dissolved in EtOH (18 mL) and water (2 mL) and 
tris (triphenylphosphine) rhodium chloride (50 mg) . The 
reaction was refluxed for 30 minutes and a yellow 
solid precipitated out. and filtered from the reaction 
while it was hot. The solid was crystallized from 
DMF /water to produce the title compound as a bright 
yellow solid (0.22 g f 39% yield); m.p. 297-300*0 
(dec) . 
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Elemental analysis calculated for Cn^ClaNaOa : 

C, 44.03; H, 2.35? N, 14.00. 
Found: C, 43.76; H, 2.32; N r 13.85. 

EXAMPLE 9 

g. 7-Di^i ft*-Q-3. 4-dihwiro-3- ox Q -2- (mel-hoxycarbonyl) - 
hydraz idg-2-cruinaxalinec» r-hoxylic acid 

To a solution of methylcarbazate (3.5 g, 
38.6 mmol) in dry DMF (50 mL) is added a solution 
containing 7.72 mol of the reagent prepared as 
described in General Preparation 1, Solution A. The 
reaction is stirred at 25 °C for 4 days and poured into 
water (500 mL) . The solution is made acidic with 
6N HC1 to P H 2. The precipitate is collected and 
taken up in hot DMF. The DMF solution is treated with 
charcoal and filtered. The solution is cooled and 
diluted with an equal volume of water. The yellow 
solid is collected by filtration and is washed with 
acetonitrile followed by diethylether to afford the 
title compound (2.56 g, 100% yield); m.p. 333-340«>C 
(decomposes) . 

Elemental analysis calculated for CnHgN^Cla : 

C, 39.9; H, 2.44; N, 16.92; CI, 21.41. 
Found: C, 39.52; H, 2.29; N, 16.86; CI, 21.94. 



EXAMPLE 10 

a ( n-m rhlorn-3 . 4-di>wdro-3-0^-2- (phenyl ffulf onvl) - 
hvdrazidft-2-Quinoxaline riagboxvlic acid 

Solution B: To a suspension of sodium hydride 
(1.5 g, 38.6 mmol) (60% dispersion in mineral oil) in 
dry DMF (20 mL) is added benzenesulfonylhydrazide 
(6.65 g, 38.6 mmol). The reaction is stirred at 25 °C 
for 1 hour and a solution containing 7.72 mmol of the 
reagent prepared as described in General 
35 Preparation 1, Solution A is added to Solution B. 
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This solution is stirred at 90 °C for 24 hours and then 
is poured into water (500 mL) . The solution is made 
acidic with 6N HC1 to pH 2. The solid is collected 
and recrystallized twice from hot DMF/water, washed 
5 with acetonitrile, followed by diethylether, and then 

dried at 137 °C under vacuum to give the title compound 
(1.44 g, 45% yield) as a yellow solid; sup. 283 °C. 
Elemental analysis calculated for C 15 H 10 N 4 O 4 Cl 2 S : 
C, 43.6; H, 2.44; N, 13.56; CI, 17.16. 
10 Found: C, 43.23; H, 2.26; N, 13.80; CI, 17.69. 

EXAMPLE 11 

N-Benzovl-6, 7-dichloro-3 , 4 -dihvdr o-3-oxo-2 - 
cruinoxalinecarboxamide 

15 Solution B: To a suspension of sodium hydride 

(0.93 g, 23.2 mmol) (60% dispersion in mineral oil) in 
dry DMF (20 mL) is added benzamide (2.81 g, 
23.2 mmol) . The solution is stirred at 25°C for 
1 hour. A solution containing 7.72 mmol of the 

20 reagent prepared as described in General 

Preparation 1, Solution A is added to Solution B. The 
reaction is stirred at 25 °C for 24 hours and the 
solution is poured into water (500 mL) • The solution 
is made acidic with 6N HC1 to pH 2. The solid is 

25 collected and taken up in hot DMF. The DMF solution 

is treated with charcoal and filtered. The solution 
is cooled and diluted with an equal volume of water* 
The yellow solid is collected/ washed with 
acetonitrile followed by diethylether to give the 

30 title compound (1.09 g, 39% yield) as a yellow solid; 

m.p. 302 °C (decomposes) • 

Elemental analysis calculated for C 16 H 9 N 3 0 3 C1 2 : 

C, 53.06; H, 2.5; N, 11.6; CI, 19.58. 
Found: C, 52.65; H, 2.28; N, 11.79; CI, 19.78. 



35 
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EXAMPLE 12 

6. 7-Dichloro-3-hvdroxv-N- ( 1 -pjperid -i n ylearbonvl) -2- 
qruinoxalinecarboxamide 

Solution B: To a suspension of sodium hydride 
(0.93 g, 23.2 mmol) (60% dispersion in mineral oil) in 
dry DMF (20 mL) is added 1-piperidinecarboxamide 
(2.97 g, 23.2 mmol). The solution is stirred at 60 °C 
for 0.5 hours. A solution containing 0.00772 mol of 
the reagent prepared as described in General 
Preparation 1, Solution A is added to Solution B. 
This is stirred as 60 °C for 3 days. The solution is 
poured into water (500 mL) and the solution is made 
acidic with 6N HC1 to P H 2. The solid is collected 
and taken up in hot DMF. The DMF solution is treated 
15 with charcoal and filtered. The solution is cooled 

and diluted with an equal volume of water. The yellow 
solid is collected, washed with acetonitrile followed 
by diethylether to give the title compound (0.95 g, 
33% yield) as a yellow solid; m.p. 277-278°C. 

for C, tH, *N>iO-jC1o : 



10 



acidic with 6N HC1 to pH 2. The solid is collected 
and taken up in hot DMF . The DMF solution is treated 
with charcoal and filtered. The solution is cooled 
and diluted with am equal volume of water. The yellow 
solid is collected, washed with acetonitrile followed 
by diethylether to afford the title compound (1.5 g f 
59% yield) as a yellow solid; m.p. 289-90°C. 
Elemental analysis calculated for C 12 H io N 4°3 cl 2 : 

C, 43.79; H, 3.06; N, 17.02; CI, 21.54. 
Found: C, 43.76; H, 3.03; N, 16.95; CI, 21.60. 

Likewise, in a manner analogous to the procedures 
of General Preparations 1-3, but using appropriate 
corresponding starting materials the following 
compounds were prepared. 

EXAMPLE 14 

a- r r (6, 7-Dichloro-3, 4-dihvdro-3-oxo-2-auinoxalinvn - 
carbonvll amino— (±) -benzene acetic acid ; 9.8% yield, 
m.p. 244-252°C (dec.) 

Calcd. : C, 52.06; H, 2.83; N, 10.71. 
Found: C, 51.98; H, 2.89; N, 10.85. 

EXAMPLE 15 

6, 7-Dichloro-3> 4 — dihvdr o-N- (methyl sulfonvl) -3-oxo-2- 
quinoxalinecarboxamide ; 32% yield; m.p. >355°C. 
Calcd: C, 35.73; H, 2.10; N, 12.50. 
Found: C, 35.74; H, 2.02; N, 12.27. 

EXAMPLE 16 

6, 7-Dichloro-3, 4— dihvdro— N— hydroxy— 3— oxo—2- 
cruinoxalinecarboxamide ; 44% yield; m.p. >300 Q C. 
Calcd: C, 39.44; H, 1.84; N, 15.33. 
Found: C, 39.22; H, 1.59; N, 14.95. 



WO 92/11245 



PCT/US91/08586 



-46- 
EXAMPLE 17 

N- fButvlsulf onvl) -6 . 7-dichloro-3 . 4-dihvdro-3-oxo-2- 
ouinoxalinecarboxamide ; m.p. >295°C. 
Calcd: C, 41.28; H, 3.46; N, 11.11. 
5 Found: C, 41.22; H, 3.22; N, 11.22. 

EXAMPLE 18 

6 . 7-Dichloro-3 . 4-dihvdro-N-mefchvl-3 -oxo-2-auinoxaline- 
carboxamide; 95% yield; m.p. >300°C. 
10 Calcd: C, 44.14; H, 2.59; K, 15.44. 

Found: C, 43.83; H, 2.67; N, 15.10. 

EXAMPLE 19 

6 . 7-Dichloro-3 . 4-dihvdro-N-metho3ev-3-oxo-2- 
15 cniinoxal' "^^^^van.^ A* : 67% yield; m.p. 298-300 °C. 

Calcd: C, 41.69; H, 2.45; N, 14.59. 
Found: C, 41.66; H, 2.37; N, 14.22. 

EXAMPLE 20 

20 6 . 7-Didiloaro-3 . 4-dihv<±ro-3-oxo-2-cruinoxaline- 

carboxamide; 94% yield; m.p. >320°C. 
Calcd: C, 41.89; H, 1.95; N f 16.28. 
Found: C, 41.62; H, 1.63; N, 16.06. 

25 EXAMPLE 21 

6 . 7-Dichloro-3 , 4-dihvdro-3-oxo-N- (phenvlmefchvll -2- 
ouinoxalinecarboxamide ; 86% yield; m.p. >320°C. 
Calcd: C, 55.19; H, 3.18; N, 12.07. 
Found: C, 54.97; E, 3.18; N f 11.96. 
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EXAMPLE 22 

1- r (6, 7-Dichloro-3, 4-dihvdro-3-oxo-2-cruinoxalinvl) - 
carbonvll —4— (phenvlmethvl-pjperazine 
monohvdrochloride ; m.p. >290°C (dec) . 
5 Calcd: C, 52.94; H, 4.22; N, 12.35. 

Found: C, 52.59; H, 4.40; N, 12.45. 

EXAMPLE 23 

f f (6, 7-Dichloro-3. 4-dihvdro-3-oxo-2-auinoxalinvl) - 
carbonvll amino acetic acid, 1 , 1-dimethvlethvl ester ; 
74% yield; m.p. >300°C. 
Calcd (with 0.25 H 2 0) : 

C, 47.83; H, 4.15; N, 11.16; CI, 18.82. 
Found: C, 47.65; H, 4.05; N, 11.18; CI, 18.84. 

EXAMPLE 24 

N- r (6 . 7-Dichloro-3. 4-dihvdro-3-oxo~2-auinoxalinvl) - 
carbonvll glycine ; 98% yield; m.p. 285-306°C (dec) . 
Calcd: C, 41.80; H, 2.23; N, 13.29. 
Found: C, 41.52; H, 2.04; N, 13.14. 

EXAMPLE 25 

T T r ($. 7-Dichloro-3, 4-dihvdro-3-oxo-2-cruinoxalinvl) - 
carbonvl ~\ amino! acetic acid ; 62% yield; m.p. 248-268 °C 
25 (dec) . 

Calcd: C, 39.78; H, 2.12; N, 12.65. 
Found: C, 39.71; H, 2.17; N, 13.09. 

EXAMPLE 26 

30 6r 7-Dichloro-3. 4— dihvdro-N- T (4-methvlphenvl) sulfonvll- 

3-oxo— 2— cruinoxalinecarboxamide ; 43% yield; m.p. 320 °C. 
Calcd: C, 46.62; H, 2.69; N, 10.19; CI, 17.20; 
S, 7.78. 

Found: C, 46.47; H, 2.61; N, 10.08; CI, 17.33; 
35 S, 7.66. 
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EXAMPLE 27 

fi r 7-Dichlorn-3 . 4-dihvAro-N- f f2-eHloro-5-nitrophenyl) - 
aulf onvl 1 -3-oxo-2-eniinoyalineear bQxamide ; 81% yield; 
m.p. 340°C. 

5 Calcd: C, 37.72; H, 1.48; N, 11.73; CI, 22.27; 

S, 6.71. 

Found: C, 38.10; H, 1.52; N, 11.66; CI, 22.01; 
S, 7.01. 

10 EXAMPLE 28 

fi . 7-Diehloro-N- T <4-chlQgQ-2-nj -tgophenv3 > malf onyll -3 r 4- 
rf-i iiYriT-Q-3-oxo-2-cniinoxalinacarbox»""* *~ '- 93% yield; 
m.p. 330-C. 

Calcd: C, 37.72; H, 1.48; N, 11.73; CI, 22.27; 
15 S, 6.71. 

Found: C, 37.61; H, 1.28; N, 11.53; CI, 22.27; 
S, 7.19. 

PREPARATION 1 

20 3. 4-Dihvdge-7-nifcro-3-o3co-2 - miinoxalinecarboxylic acid 

3-Hydroxy-2-quinoxaline carboxylic acid (10.0 g, 
52.6 mmole) was dissolved in concentrated H 2 S0 4 
(150 mL) , and cooled in an ice bath. Powdered 
potassium nitrate (16.0 g, 178 mmole), was added in 

25 portions with stirring, and the reaction was allowed 

to warm overnight. In the morning the reaction was 
poured onto 600 g ice and when the ice melted the 
precipitate was filtered. The solid was dissolved in 
boiling water (1600 mL) , hot filtered, and then cooled 

30 and the precipitate filtered to give (7.5 g, 64%) of 

the title compound. Recrystallization from 
ethanol/water afforded 3, 4-dihydro-7-nitro-3-oxo-2- 
quinoxalinecarboxylic acid as a yellow solid. 
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Elemental analysis calculated for 2 mole H 2 0: 

C; 39.89; H, 3.34; N, 15.51. 
Found: C, 39.89; H, 3.37; N, 15.30. 

5 Preparations 2 and 3 are analogous to those of 

U.S. Patent 4,264,600 beginning with corresponding 
appropriate starting materials. 

PREPARATION 2 

10 Ethvl-6-nifcro-3 , 4-dihvdro-3-oxo-cp inoxaline-2- 

carboxvlate ; 52% yield; m.p. 229°C. 
Calcd: C, 50.16; H, 3.48; N, 15.78. 
Found: C, 50.20; H, 3.45; N, 15.96. 

15 PREPARATION 3 

6-Nitro-3 . 4-dihYd3ro-3-oxo-eniino xaline-2-G*3rboxvlic 

acid ; 75% yield; m.p. 270 °C. 

Calcd: C, 45.97; H, 2.14; N, 17.87. 

Found: C, 45.82; H, 2.10; N, 17.75. 

20 

EXAMPLE 29 

6 , 7-Dichloro-3 . 4-dihvdro-N- (2-thi onvlsulf onvH -3-oxo 
2-auinoxalinecarboxamide ; 22% yield; m.p. 320°C. 
Calcd: C, 38.63; H, 1.25; N, 10.39; CI, 17.54. 
25 Found: C, 38.75; H, 1.58; N, 10.29; CI, 17.71. 

EXAMPLE 30 

6 . 7-Pichloro-3 . 4-dihvdro-N- T (4-m ethoxvDhanvll - 
sulf onvl 1 -3-oxo-2-auinoxalinecarboxamide ; 45% yield; 
30 m.p. 313°C. 

Calcd: C, 44.87; H, 2.59; N, 9.81; CI, 16.56; 
S, 7.49. 

Found: C, 44.75; H, 2.65; N, 9.74; CI, 16.46; 
S, 7.72. 
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EXAMPLE 31 

6 . 7-Dichloro-3 . 4-dihvdro-N- T f4-bropoDhenvl) sulf onyll - 
3-oxo-2-cminoxalinftc*rboxamide ; 25% yield; m.p. 330°C. 
Calcd: C, 37.76; H, 1.69; N, 8.81; CI, 14.86; 
5 Br, 16.75. 

Found: C, 38.93; H, 1.90; N, 8.42; CI, 14.76; 
Br, 17.03. 

EXAMPLE 32 

10 g . 7-Diehlor» Q -3 . 4-dihv d*- o-N- T (2-methylphenyl) sulf onyl] - 

3-oxo-2-g»-i noatalineearboxamide ; 21% yield; m.p. 322°C. 
Calcd: C, 46.62; H, 2.69; N, 10.19; CI, 17.20; 
S, 7.78. 

Found: C, 46.66; H, 2.63; N, 10.12; CI, 17.28; 
15 S, 7.72. 

EXAMPLE 33 

a . 7-Piehloro-3 . 4-dihvd ro-M- r sulf onyll - 

^-oxo-2-q^inoxalinflearboxamide; 12% yield; m.p. 335 °C. 
20 Calcd: C, 41.64; H, 1.86; N, 9.71. 

Found: C, 41.41; H, 1.96; N, 9.62. 

EXAMPLE 34 

fi f 7-Diehlogo-3 . 4-dihvdro-3-oxo-N- r T5- ( 2-pyridinyl) -2- 
25 fhiftngll aulf onvll -? -miinoxalinaearboxamida; 52% yield; 

m.p. 325°C. 

Calcd: C, 44.92; H, 2.09; N, 11.64. 
Found: C, 45.49; H, 2.03; N, 11.21. 
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EXAMPLE 35 

6 . 7-Dichloro-3, 4-dihvdro-3-oxo-N- T T3- (trif luoro- 
methvl) Phenyl! sulf onvll -2-auinoxalinecarboxamide ; 25% 
yield; m.p. 310-312*C. 
5 Calcd: C, 41.22; H, 1.73; N, 9.01; CI, 15.21; 

F, 12.22; S, 6.89. 
Found: C, 41.10; H, 1.43; N, 9.12; CI, 15.55; 

F, 18.82; S, 6.55. 

10 EXAMPLE 36 

6 . 7-Dichloro-3 . 4-dihvdro-3-oxo-N- r ( 4-f luorophenvl) - 
sulf onvl 1 -2-auinoxalinecarboxamide ; 33% yield; 
m.p. 313-315°C. 

Calcd: C, 43.29; H, 1.94; N, 10.10; CI, 17.04; 
15 F, 4.56; S, 7.70. 

Found: C, 43.07; H, 2.01; N, 9.97; CI, 17.02; 
F, 7.40; S, 7.70. 

EXAMPLE 37 

20 6 . 7-Dichloro-N- f (2 . 3-dihvdro- (H-inden-5-vll sulf onvll - 

3 . 4-dihvdro-3-oxo-2-cruinoxalinecarboxamide ; 22% yield; 
m.p. 320-322 °C. 

Calcd: C, 49.33; H, 2.99; N, 9.59; CI, 16.18; 
S, 7.32. 

25 Found: C, 49.46; H, 2.94; N, 9.68; CI, 16.95; 

S, 7.31. 

EXAMPLE 38 

6 , 7-Dichloro-3 . 4-dihvdro-N- f ( 3-chlorOPhenvl) sulf onvl 1 - 
30 3-oxo-2-auinoxalinecarboxamide ; 64% yield; m.p. 320°C. 

Calcd: C, 41.64; H, 1.86; N, 9.71; CI, 24.58; 
S, 7.41. 

Found: C, 41.58; H, 1.87; N, 9.60; CI, 24.90; 
S, 6.99. 
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EXAMPLE 39 

C | -7-n-i ^1 p ro -3. r fg-chlorophenyl) sulf ony!) 
^-Qxo-2-qiiinQxaliP ^earbQx»"^ - 22% yield; 
m.p. 317-318°C. 

Calcd: C, 41.64; H, 1.86; N, 9.71; CI, 24.58; 
S, 7.41. 

Found: C, 41.63; H, 1.17; N, 9.82; CI, 24.29; 
S, 7.91. 

EXAMPLE 40 

g | 7-n4 1 . 4-H 4 hvdro-N- fS-namhfcha] f>nvlsulf pnyl) -,3j 

nyo-2-oui noxalinArarboxamide ; 32% yield; 
m.p. 306-308*C. 

Calcd: C, 50.91; H, 2.47; N, 9.37; CI, 15.82; 
S, 7.15. 

Found: C, 51.03; H, 2.11; N, 9.39; CI, 15.86; 
S, 7.10. 

EXAMPLE 41 

a f -T-nlehloro-S - 4-dihvdro -3-Q*o-N- f (^-"^r Q T>henvl) - 
aulfonvl 1 -2-auino3ealinec* gfaoxamide ; 55% yield; 
m.p. 325-327°C. 

Calcd: C, 40.65; H, 1.82; N, 12.64; CI, 16.00; 
S, 7.23. 

Found: C, 40.42; H, 1.46; N, 12.55; CI, 16.04; 
S, 7.56. 

EXAMPLE 42 

* 

6 . 7-Dichlp™-3 . 4-di h YAro-3-oxo-N- \ (4-ni1-.rppheny;L) - 
sulfonvl 1 -2-miinoxalineearboxamide ; 55% yield; 
m.p. 316-319°C. 

Calcd: C 40.65; H, 1.82; N, 12.64; CI, 16.00; 
S, 7.23. 

Found: C, 40.55; H, 1.66; K, 12.58; CI, 16.40; 
i S, 7.10. 
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EXAMPLE 43 

6 . 7-Dichloro-3 . 4-dihvdro-3-oxo-N- T (2-nitr ophenvl) - 
sulf onvl 1 -2-quinoxalinecarboxamide ; 77% yield; 
m.p. 313-317°C. 
5 Calcd: C, 40.65; H, 1.82; N, 12.64; CI, 16.00; 

S, 7.23. 

Found: C, 40.74; H, 1.85; N, 12.40; CI, 16.64; 
S, 6.81. 

10 EXAMPLE 44 

6 . 7-Dichloro-3 . 4-dihvdro-3-oxo-N- W2..A. 6-t ria (1- 
mefchvletbvl) phenvll sulf onvll -2-attinoxalinecar boxamide; 
12% yield; m.p. 289°C. 

Calcd: C, 54.96; H, 5.19; N, 8.01; Cl, 13.52; 
15 S, 6.11. 

Found: C, 54.71; H, 5.04; N, 8.00; Cl, 13.21; 
S, 5.99. 

EXAMPLE 45 

20 6 . 7-Dichloro-3 . 4-dihvdro-3-oxo-N- \ (2-f luorophenvl) - 

sulfonvll -2-Quinoxalinecarboxamide ; 30% yield; 
m.p. 312-314°C. 

Calcd: C, 43.29; H, 1.94; N, 10.10; Cl, 17.04; 
F, 4.56; S, 7.70. 
25 Found: C, 43.09; H, 1.63; N, 10.04; Cl, 17.38; 

F, 4.90; S, 7.53. 

EXAMPLE 46 

6. 7-Dichloro-3, 4-dihvdro-3-oxo-N- T fpenfcamefchvlphenvl) - 
30 sulf onvl 1 -2-quinoxalinecarboxamide ; 36% yield; 

m.p. 270°C. 

Calcd: C, 51.29; B, 4.09; N, 8.97; S, 6.85. 
Found: C, 51.11; H, 3.81; N, 8.94; S, 6.95. 
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10 The following additional preparations of 

compounds here are within procedures as set out in 
U.S. Patent No. 4,264,600. 

PREPARATION 4 

15 ™-* Y i . 7-dir - t*™ 1 -» - 4-dihv<1ro-3-oxo-2-quino*aline- 

p.arboxvlate 

PREPARATION 5 
a . 7-Dimetb T-' , >>Y^^"-3~oaeo-?-cniinoxaline~ 
20 « ag b Q3 cvlate ,» 97% yield; m.p. 304-308«'C. 

Analysis for 2 mole H 2 0: 
Calcd: C, 59.22; H, 4.76; N, 12.56. 
Found: C, 59.22; H, 4.41; N, 12.62. 

25 PREPARATION 6 

EfchvL-3. A-rfihYdrft-a-oxo « benzo (q) -guinoxaline-2- 
^ayboaevlate; 79% yield; m.p. 205°C. 
Calcd: C, 67.16; H, 4.51; N, 10.44. 
Found: C, 67.35; H, 4.51; N, 10.68. 

30 

PREPARATION 7 
. B-^^r Q mo-3 „ 4-d3Avdro-3-oxo-cruinoxaline-2- 

earborvlate; 89% yield; m.p. 205°C. 
Calcd: C, 35.14; H, 2.14; N, 7.45. 
35 Found: C, 35.05; H, 1.94; N, 6.99. 
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PREPARATION 8 

5, 8-Dibgomo-3. 4-dihvdro-3-oxo-ctuinoxaline-2-carb oxvlic 
acid ; 74% yield; m.p. 280-283°C. 

Calcd: C, 31.07; H, 1.16; N, 8.05; Br, 45.93. 
5 Found: C, 30.97; H, 1.15; N, 8.10; Br, 48.30. 

PREPARATION 9 
Etihvl-6. 7-dibromo-3 . 4— dihvdr-o-3— oxo-auinoxaline-2- 
carboxvlate ; 78% yield; m.p. 238°C. 
10 Calcd: C, 35.14; H, 2.14; N, 7.45; Br, 42.50. 

Found: C, 35.22; H, 2.09; N, 6. 92;. Br, 42.76. 

PREPARATION 10 
6 . 7-Dibromo-3 . 4-dihvdro-3-oxo-cniinoxali ne-2-carboxvlic 
15 acid ; 82% yield; m.p. >300°C. 

Calcd: C, 31.07; H, 1.16; N, 8.05. 
Found: C, 31.18; H, 1.32; N, 8.32. 

PREPARATION 11 

20 Ethvl-6, 7-dinitro-3, 4-dihvdro-3-oxo-cniinoxaline-2- 

carboxvlate ; 36% yield; m.p. 220 °C. 
Calcd: C, 42.87; B, 2.62; N, 18.18. 
Found: C, 42.54; H, 2.52; N, 17.78. 



25 PREPARATION la 

CI CI 



30 



Ethyl 3- f (2 , 4-dichloro~6-nitrophenyT ) ™\ 
oxopropanoate 

A solution of 4 , 6-dichloro-2-nit roaniline 
35 (31.0 g, 0.15 znol) and chloroethylmalonate (25.0 g, 
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15 



-56- 

0.17 mol) in toluene (500 mL) was heated at reflux for 
24 hours. The reaction mixture was cooled and 
concentrated. The residue was dissolved in hot 
ethanol, decolorized with charcoal, and filtered. The 
solid which formed on cooling was collected by suction 
filtration and dried to give the title compound as a 
yellow solid (13 . 6 g, 28%) . 



PREPARATION 2a 



Br 



Br 





Hj^COjEt 



Rfchvl 3- f 1 2 - 4-dibr qmo-6-nifcrophenvl) amino! -3- 
oxopropanoate 

A solution of 4,6-dibromo-2-nitroaniline (44.3 g, 
0.15 mol) and chloroethylmalonate (25.0 g, 0.17 mol) 
20 in toluene (500 ml.) was heated at reflux for 24 hours. 
The reaction mixture was cooled and the solid which 
formed was collected by suction filtration. The solid 
was suspended in diisopropyl ether, filtered, and 
i u. w »mi»in *-r> rr-i -u-o «Mi« title compound as a 
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PREPARATION 3a 



5 




Ethyl 5 , 7-dichloro-3 . 4-dihvdro-3-oxo-2-quinoxaline- 
carboxvlate 1 -oxide 

Sodium (2.57 g, 0.112 mol) was dissolved in 

10 ethanol (500 xnL) and the resulting solution was 

treated with the product from Preparation la (22.7 g, 
71.0 mmol) in one portion and the resulting solution 
was heated to reflux for 45 minutes. The reaction 
mixture cooled to 0°C and treated with IN HC1 

15 (125 ml*) . The solid which formed was collected by 

suction filtration and crystallized from hot ethanol 
to give the title compound as a yellow solid (9.84 g, 
46%) . 



20 PREPARATION 4a 



25 




Ethyl 5 , 7-dibromo-3 . 4-dihvdro-3-oxo-2-cruinoxaline- 
carboxvlate 1 —oxide 

In a manner similar to that described in 
Preparation 3a, the product of Preparation 2a (30.0 g) 
30 was converted to the title compound as a yellow solid 

(13.3 g, 46%) . 
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PREPARATION 5a 

CI 



5 



15 



20 



25 



30 




CI N ^C0 2 Et 



sthvl 5 , 7-dlchloro-3 - 4-dihvdr ft-3-oxo-2-auinoxaline- 
carboxvlate 

10 A solution of the product from Preparation 3a 

(5.00 g, 17.3 mmol) and phosphorous trichloride 
(30 mL) in tetrahydrofuran (200 mL) was heated at 
reflux for 24 hours. The reaction was cooled and 
poured over ice. The resulting suspension was 
extracted into CH 2 C1 2- **** organic P*ase was washed 
with water, dried (Na 2 S0 4 ) , and concentrated. The 
residue was suspended in EtOH, collected by suction 
filtration, and dried to give the title compound as a 
yellow solid (1 . 67 g, 34%) . 



PREPARATION 6a 



Br 




Br^^*^ N C0 2 Et 



Efchvl 5 . 7-dibromo-3 . 4-dihvdro-3 -oxo-2-auinoxaline- 

carboxvlate 

In a manner similar to that described in 
Preparation 5a, the product of Preparation 4a (13.4 g, 
34.2 mmol) was converted to the title compound as a 
yellow solid (3.64 g, 28%). 
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PREPABATION 7a 



5 




5. 7-Dichloro-3 T ^-riihY dro " 3 " oxo ~ 2 " auino:icalinecarboxvlic 
acid 

A solution of the product from Preparation 5a 
(2.14 g, 8.26 mmol) and potassium hydroxide (2.08 g, 
37.1 mmol) in 3:1 water/iPrOH (100 mL) was heated at 
reflux for 2 hours. The reaction mixture was cooled 
to room temperature and acidified to pH 1 with 
concentrated HC1. The solid which formed was 
collected by suction filtration and dried to give the 
title compound as a yellow solid (1.86 g, 87%), 
m.p. 196-198°C. 

Elemental analysis calculated for C 9 H 4 C1 2 N 2 0 3 : 

C, 41.73; H, 1.56; N, 10.81. 
Found: C, 41.43; H, 1.33; H, 10.77. 



10 



15 



20 
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P REPARATION 8a 



Br E 



s . 7-Dibromo-^ r 4-dihvdr ft-3-Qxo-2^r a j-noxalinecarboxylic 
acid 

In a manner similar to that described in 
Preparation 7a, the product of Preparation 6a (2.41 g, 
6.41 mmol) was converted to the title compound as a 
yellow solid (2.41 g, 34%), m.p. 202-206°C. 
Elemental analysis calculated for C^Br^Os 1 
15 C, 31.07; H, 1.06; N, 8.05. 

Found: C, 31.26; H, 1.01; N, 8.20 



PREPARATION 9a 



20 9 1 H 





x — 

Cl^^^ ^Vf'^^COJS. 

25 5 .-7-Dichloro-3 .4-^ H Y rfgo-3-o*o-N- (phe^y 1 *" 1 * onvl) " 2 " i 

quinoxalinecarboacamide 

In a manner similar to that described in 

Preparation 10a, the product of Preparation 7a 

(0.50 g, 1.93 mmol) was converted to the title 
30 compound as a yellow solid (0.55 g, 71%), 

m.p. 286-290°C. 

Elemental analysis calculated for CisHgC^^O^S : 
C, 45.24; H, 2.28; N, 10.55; S, 8.05. 
Found: C, 44.90; H, 2.16; N, 10.31; S, 7.74. 

35 
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PREPARATION 10a 



5 




5 . 7-Dibromo-3, 4~dihvdro-3-oxo-N~ (phenvlsulf onvl) -2- 
cruinoxalinecarboxamide 

10 A solution of the product from Preparation 8a 

(0.50 g, 1.44 mmol) in DMF (12 hlL) was treated with 
carbonyl di imidazole (0.70 g) and the resulting 
solution was heated at 60 °C for 4 hours. Concurrently 
a suspension of benzenesulf onamide (0.67 g, 4.26 mmol) 

15 and NaH (0.17 g, 4.57 mmol) in DMF (10 mL) was stirred 

for 4 hours at room temperature. The two reaction 
mixtures were combined and the resulting solution was 
stirred at room temperature overnight. The reaction 
mixture was poured onto ice and IN HC1. The solid 

20 which formed was collected by suction filtration, 

washed with water, and dried under vacuum (P 2 0 5 ) to 
give the title compound as a yellow solid (0.44 g, 
63%), m.p. 290-293°C. 

Elemental analysis calculated for C 15 H 19 Br 2 N 3 0 4 S : 
25 C, 36.98; H, 1.86; N, 8.63; S, 6.58. 

Found: C, 36.80; H, 1.71; N, 8.43; S, 6.57. 
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PREPARATION 11a 



CI 




NH 2 



CI 




O 

N 



5 



N0 2 



CI 



CI 



Bt-hvl 3- f f 3 . s-dichloro-2-ni trophenvl > amino! -3- 



ln a manner similar to that described in 
Preparation la, 3,5-dichloro-2-nitroaniline (47.5 g, 
0.229 mol) was converted to the title compound as a 
yellow solid (51.7 g, 70%). 



Efchvl 3- r 1 2 . 3-di^i ftrn-fi-BifcroDhenyi } n«T-3- 
oxoprotaanoate 

In a manner similar to that described in 
Preparation la, 5, 6-dichloro-2-nitroaniline is 
converted to the title compound. 




15 



PREPARATION 12a 



O 



20 




WO 92/11245 



PCT/US91/08586 



-63- 



PREPARATION 13a 



0 




NH 2 




CI 



N0 2 



CI 



N0 2 



CI 



CI 



10 



15 



20 



Ethvl 3- T ( 3, 4-dichloro-2-nitrophenvl) amino! -3- 
oxopropanoate 

In a manner similar to that described in 
Preparation la, 3, 4-dichloro-2-nitroaniline is 
converted to the title compound. 



Ethvl 3- T (5-chloro-2-nitrophenvl) amino! -3- 
oxooropanoate 

In a manner similar to that described in 
Preparation la, 5-chloro-2-nitroaniline (26.0 g, 
0.15 mol) is converted to the title compound as a 
yellow solid (34.5 g, 80%). 
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PREPARATION 15a 



0 




NH 2 




5 



CI 



N0 2 



CI 



N0 2 



Efchvl 3- r < 4~ehloro«-2-ni tirophenY 1 ) *™*r\c>\-3- 



10 




In a manner similar to that described in 
Preparation la, 4-chloro-2-nitroaniline (26.0 g, 
0.15 mol) is converted to the title compound as a 
yellow solid (33. & g, 78%). 



Kthvl 3«- f ( 4 , 5-diflnoro-' 9 -"- i ' l ' T ' nphenvl * amino! -3- 
oxopropanoate 

In a manner similar to that described in 
Preparation la, 4 , 5-dif luoro-2-nitroaniline (20.0 g, 
0.115 mol) is converted to the title compound as a 
yellow solid. 



15 



PREPARATION 16a 



O 



20 
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PREPARATION 17a 



O 




NH 2 




gA^C0 2 Et 



N0 2 



N0 2 



Ethvl 3- T (4-f luero-2-nitrophenvl) amino! -3- 
oxopropanoate 

In a manner similar to that described in 
Preparation la, 4-f luoro-2-nitroaniline (21.6 g, 
0.138 mol) is converted to the title compound as a 
yellow solid (19.4 g, 52%). 



Ethvl 3— T T2— nitro—4— (trif luoromethvl) phenyl ] »mi no] -3— 
oxopropanoate 

In a manner similar to that described in 
Preparation la, 4-amino-3-nitrobenzotrifluoride 
(31.1 g, 0.151 mol) is converted to the title compound 
as a yellow solid (31.9 g, 66%). 



PREPARATION 18a 



O 
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PREPARATION 19a 



C0 2 Et 



O o 

CI ci 

Efchvl 3- f 1 3 ■ B-dichloro-2-n itgophepvll amino! -2- 
fhvdroxvimino) -3-oxopropanoate 

10 a solution of the product from Preparation 11a 

<7.00 g, 23.9 mmol) in 4:2:1 AcOH/THF/H 2 0 (210 mL) was 
treated with NaN0 2 (1.81 g, 26.3 mmol) in one portion 
and stirred at room temperature for 4 hours. 
Additional NaN0 2 (1.81 g, 26.3 mmol) was added and 

15 stirring was continued overnight. The reaction was 

extracted into CH 2 C1 2 , dried (MgS0 4 ) f filtered, and 
concentrated to give the title compound as a yellow 
solid (4.33 g, 76%) . 

20 PREPARATION 20a 

NOH 





25 *^^N0 2 ^^N0 2 

Efchvl 3- T ( 2 . 3-diehloro-2-n itrQt>hePYi ) -2- 
fhvdroxYJ-nino> -3-oxop rapanoate 

In a manner similar to that described in 
30 Preparation 19a, the product from Example 12a is 

converted to the title compound. 
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PREPARATION 21a 



5 




CI ci 



Ethvl 3- [ Or 4— dichloro-2-nitrophenvl) amino 1 -2- 
{hvdroxvimino) -3-oxopropanoate 
10 In a manner similar to that described in 

Preparation 19a, the product from Preparation 13a is 
converted to the title compound. 

PREPARATION 22a 

15 




Ethyl 3- T (5-chloro-2-nitrophenvl) amino! -2- 
(hvdroxvimino) -3— oxopropanoate 

In a manner similar to that described in 
Preparation 19a, the product from Preparation 14a 
25 (10.0 g, 36*7 mmol) is converted to the title compound 

as a yellow solid (9.24 g, 80%). 
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PREPARATION 23a 



O 





NOH 



C1 ^^X^ N02 Cl^ N0 2 



Bfchvl 3- T (4-ch.T ftro-2-niferophen vl) amino! -2- 

fhvdroxvimino) -3-oxopropanoate 
10 In a manner similar to that described in 

Preparation 19a, the product from Preparation 15a 

(10.0 g, 36.7 mmol) is converted to the title compound 
as a yellow solid (9.83 g, 85%). 

15 PREPARATION 24a 

O O 
H 1 COjBt HXcOaEt 



NOH 

NO z I" ^N0 2 



Efchvl 3- T (4 . 5-dif luoro~2~nitroph envl) ami ""1 -2- 
fhvdroxvimino) -3-oxopropanoate 

In a manner similar to that described in 
25 Preparation 19a, the product from Preparation 16a is 

converted to the title compound. 
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PREPARATION 25a 




N0 2 




O 



Ethvl 3- f (4-f luoro-2-nitrophenvH amino! -2- (hvdroacv- 
imino) -3-oxopropanoate 

In a manner similar to that described in 
Preparation 19a, the product from Preparation 17a is 
converted to the title compound. 



Ethvl 2 - (hvdroxviminol -3- f f2-nitro-4- (trif luoro- 
methvl) phenyl ] »«" -3-oxopropanoate 

In a manner similar to that described in 
Preparation 19a, the product from Preparation 18a 
(10.0 g, 31.2 mmol) is converted to the title compound 
as a yellow solid (9.49 g, 87%). 



PREPARATION 26a 



0 



o 
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PREPARA.TION 27a 



Cl Cl 

Efchvl 6 . 8-fiiehloro -i -2.3. 4-fcetrahvdro-3-oxo-2- 
miinoxalinecarboxvlate 

10 A solution of the product from Preparation 19a 

(8.00 g, 22.8 mmol) in THF (200 xnL) was hydrogenated 
over RaNi (1.00 g) for 3 hours. The reaction mixture 
was filtered and concentrated and the residue was 
dissolved in dioxane (300 mL) and treated with TiCl 3 

15 (53 mL of a 1.3 M solution in H 2 0) . The resulting 

purple-colored solution was stirred at room 
temperature until the color was discharged. The 
reaction mixture was quenched with saturated aqueous 
NaHC0 3 solution. The resulting suspension was 

20 extracted with 1:1 EtOAc/THF and concentrated. The 

residue was suspended in BtOH and collected to give 
the title compound as a tan solid (3.50 g, 53%); 
m.p. 244-250 °C. 

Elemental analysis calculated for C 11 H 1X C1 2 N 2 0 3 : 
25 C, 45.70; H, 3.49; H f 9.69. 

Found: C, 45.67; H, 3.20;. N, 9.53. 
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PREPARATION 28a 



PCT/US91/08586 



CI 




CO^t 



Ethvl 5 . 6-di chloro-1 .2,3, 4 -+•«»+ y»hYdro-3-oxo-2- 
ouinoxalinecarboxvlate 

In a manner similar to that described in 
Preparation 27a, the product from Preparation 20a is 
converted to the title compound. 



Ethvl 7 . 8 -di chloro-1 .2.3, 4-tetrahvdro-3-Q3co-2- 
cruinoxalinecarboxvlate 

In a manner similar to that described in 



PREPARATION 29a 



O 



CI 




COjEt 
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PREPARATION 30a 

O 



5 




sthvl 6-chloro-i ,2-3. 4-tetrafavdro-3-Ptt«-2-auinoxaline- 

carboxvlate 

In a manner similar to that described in 
Preparation 27a, the product from Preparation 22a is 
converted to the title compound. 



PREPARATION 31a 

15 O 

,CC- 2 Et 



20 



H 

JO 



rr iX & ' — XXX 



COsEt 

B 



Ethvl 7-chloro-l ,2.3. 4-tetrahvdro-3 -oxo-2-auino3caline- 

carboacvlate 

In a manner similar to that described in 
Preparation 27a, the product from Preparation 23a 
25 (8.00 g, 25.3 mmol) is converted to the title compound 

as a yellow solid (2.11 g, 33%); m.p. 196-198-C. 
Elemental analysis calculated for Cj^HjjCU^O^ : . 

C, 51.88; H, 4.35; N, 11.00; CI, 13.92 
Found: C, 52.05; H, 3.76; N, 10.81; CI, 14.24. 



30 
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PREPARATION 32a 

0 



hJL _C0 2 Et H 

n - — rYr° 

H 

Ethvl 6 . 7-dif luoro-1 .2,3, 4-tetrahvdro-3-oxo-2- 
guinoxalinecarboxvlate 
10 In a manner similar to that described in 

Preparation 27a, the product from Preparation 24a is 
converted to the title compound. 

PREPARATION 33a 

15 O 

Hi .COaBt H 

jcx - — rxY 

B 

20 Ethvl 7— fluoro-1 ,2 , 3 , 4-tetrahvdro-3-oxo-2-»quinoxa:line- 

carboxvlate 

In a manner similar to that described in 
Preparation 27a, the product from Preparation 25a is 
converted to the title compound. 

25 
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P REPARATION 34a 



O 



5 




Ethvl 1,2-3. 4-fcetr»hvtiro-3-oxo-7- (fcgif lueromethvl) -2- 
miinoxalinecarboxvlate 

In a xnanner similar to that described in 
Preparation 27a, the product from Preparation 26a 
(8.00 g, 22.9 mmol) is converted to the title compound 
as a yellow solid (3.39 g, 52%); m.p. 178-180°C. 
Elemental analysis calculated for C 12 H 1 iF3M 2 03 : 

C, 50.01; H, 3.85; N, 9.72. 
Found: C, 50.29; H, 3.52; N, 9.35. 



PREPARATION 35a 



20 




25 Ethvl 6 . 8-dichloro-3 . 4-di hvdro-3-oxo-2-cruinoxaline- 

earboxvlate 

A solution of the product from Preparation 27a 
(1.00 g, 3.46 mmol) in THF (150 mL) was treated with 
bromine (3.5 ml. of a 1M solution in CH 2 C1 2) * Tne 
30 reaction mixture was stirred for 30 minutes and 

concentrated to give the title compound as a yellow 
solid (0-98 g, 98%) . 
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PREPARATION 36a 




cl ?Tr — 

kt5 *^N^C0 2 Et 
H 

Ethvl 5r 6-dichloro-3, 4-dihvdro-3-oxo-2-auinoxaline- 
carboxvlate 

10 In a manner similar to that described in 

Preparation 39a, the product from Preparation 28a is 
converted to the title compound. 



PREPARATION 37a 




r 



Cl" "V" "N^^C0 2 Et Cl^ -V- "N " ^C0 2 Et 

ci H CI 



Ethyl 7 , 8-dichloro-3 , 4-dihvdro-3-oxo-2-cruinoxaline- 
carboxvlate 

In a manner similar to that described in 
Preparation 39a, the product from Preparation 29a is 
25 converted to the title compound* 



10 
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P REPARATION 38a 

a 

carboaevlate 

In a manner similar to that described in 
Preparation 39a, the product from Preparation 30a is 
converted to the title compound. 

PREPARATION 39a 



15 



20 



25 



30 



jOcY — XXX° 

Cl^^ N ^COjEt Cl^*^ N^C0 2 Bt 

B 

Ethvl 7-ghloro-3 . 4-^hvdro-3-oxo-?-'T"""**li"e- 
carboxvlate 

A solution of the product from Preparation 31a 
(0.50 g, 1.96 mmol) in dioxane (15 BL) was treated 
with DDQ (0.47 g, 2.06 mmol) . The reaction was 
stirred at room temperature for 15 minutes and 
filtered. The filtrate was concentrated and 
crystallized from hot EtOH. The solid which formed on 
cooling was collected by suction filtration to give 
the title compound as a yellow solid (0.43 g, 87%). 
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P REPARATION 40a 



H 



H 




C02Et 




CO^Et 



B 



Ethvl 6 . 7-dif luoro-3 . 4-dihvdro-»3-oxo-2-auinoxaline- 
carboxvlate 

In a manner similar to that described in 
Preparation 39a, the product from Preparation 32a is 
converted to the title compound. 



Ethvl 7-fluoro~3, 4~dihvdro-3-oxo'-2~orui.noxaline- 
carboxvlate 

In a manner similar to that described in 
Preparation 39a, the product from Preparation 33a is 
converted to the title compound. 



PREPARATION 41a 



H 



B 
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PREPARATION 42a 

5 cFa^O^g^CO^ CF3-^^N^C0 2 Et 

«.v T i * , hvriro-S-oxo--?- ftrif luoromethyl) -2- 
cminoaeaJ 4 necarboxvlate 
10 In a manner similar to that described in 

preparation 39a, the product from Preparation 34a 
(0-50 g, 1.73 mmol) is converted to the title compound 
as a tan solid (0.32 g, 65%) . 

15 PREPARATION 43a 

E 



20 



CI C1 



X 



C0 2 H 



6 . B-Dichlor^-5. 4-dih^ diro-3-oxo-2^auino3calinecarboxY^ic. 
acid 

In a manner similar to that described in 
25 Preparation 7a, the product from Preparation 35a is 

converted to the title compound. 
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P REPARATION 44a 

^VX^M^cOaBt ^^N^C0 2 H 

5, 6-Dichloro-3> 4-dihvdro'"3-oxo-2-Quinoxalinecarboxvlic 

acid 

10 In a manner similar to that described in 

Preparation 7a, the product from Preparation 36a is 
converted to the title compound. 



15 



PREPARATION 45a 



20 C1 

7, 8HDichloro-3r 4~dihvdro~3-oxo-2-<ruinoxalinecarboxvlic 
acid 

In a manner similar to that described in 
Preparation 7a, the product from Preparation 37a is 
25 converted to the title compound. 
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PREPARATION 46a 



5 X > ^J^H^C0 2 H 

6- Chloro-3 . 4-dihvdrQ»3"Oxe ~2>auinQxalinecarboxvlic 
acid 

10 m a manner similar to that described in 

Preparation 7a, the product from Preparation 38a is 
converted to the title compound. 

PREPARATION 47a 

20 

7- Chloro-3 . 4-dihvdro-3-oxo-2-auin o3calinecarboxylic 
acid 

In a manner similar to that described in 
Preparation 7a, the product from Preparation 39a is 
25 converted to the title compound. 
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PREPARA.TION 48a 



N^C0 2 H 

6, 7-Dif luoro-3, 4-dihvdro-3-oxo-2-cru inoxalinecarboxvlic 
acid 

10 In a manner similar to that described in 

Preparation 7a, the product from Preparation 40a is 
converted to the title compound. 





PREPARATION 49a 



rx s x° — jccY 



7-»Fluoro-3 , 4-dihvdro-3-oxo-2-auinoxalinecarboxvlic 
acid 

In a manner similar to that described in 
Preparation 7a f the product from Preparation 41a is 
25 converted to the title compound* 
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P REPARATION 50a 



H 



rVr° — - rY N r° 

CF 3 '^ A N^C0 2 Et CF 3 ^^N^C0 2 H 

3 . 4-Dihvdr-Q-3-oxo-7- f trif luor fttnefchvH -2-quinoxaline- 
carboxvlic acid 

In a manner similar to that described in 
Preparation 7a, the product from Preparation 42a is 
converted to the title compound. 

EXAMPLE 48 
H H 



cl rrr° — cl rxY 

^Y^" N ^COaH N C0NHS °2 ph 



Cl ci 



6 . 8-Dichloro-3 . 4-dihvdro-3-Q *o-M- (phenvlsulf onyl) -2- 
quinoxalinecarboxamide 

In a manner similar to that described in 
Preparation 10a, the product from Preparation 43a is 
25 converted to the above compound. 
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EXAMPLE 49 



5 




5 . 6-Dichloro-3 , 4-dihvdro-3-oxo-N- (phenyl sulf on vl) -2- 
ouinoxalinecarboxamide 
10 In a manner similar to that described in 

Preparation 10a , the product from Preparation 44a is 
converted to the above compound. 

EXAMPLE 50 




CI CI 



20 

7 . 8-Dichloro-3, 4— dihvdro— 3— oxo— N— (phenyl sulf on vl) — 2— 
ouinoxal inecarboxamide 

In a manner similar to that described in 
Preparation 10a, the product from Preparation 45a is 
25 converted to the above compound. 
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EXAMPLE 51 - 

fi-Chloro-3 . 4-dihvd^o-3-oxo-N- (phenvlsulf onyl) -2- 
auinoxa.linecarboxamide 

In a manner similar to that described in 
Preparation 10a, the product from Preparation 46a is 
converted to the above compound. 



EXAMPLE 52 



rr'Y — XXX 



CONHS0 2 Ph 



•7-rhi . 4-dihvdro-3-oxo -N- (phenyl «*»lfonvl) -2- 

auinoxalinecarboxamide 

In a manner similar to that described in 
Preparation 10a, the product from Preparation 47a is 
25 converted to the above compound. 
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EXAMPLE 53 



H 



B 




C0 2 H 




CONHS0 2 Ph 



10 



15 



20 



6 . 7-Dif luoro-3 , 4-dihvdro-3-oxo-N- fphenvlsulf onvl) -2- 
cruinoxalinecarboxamide 

In a manner similar to that described in 
Preparation 10a, the product from Preparation 48a is 
converted to the above compound. 



7-Fluoro-3, 4-dihvdro-3-oxo-N- (phenyl sulf onvl) — 2- 
cruinoxalinecarboxamide 

In a manner similar to that described in 
Preparation 10a, the product from Preparation 49a is 
converted to the above compound. 
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EXAMPLE 55 




10 



15 



3 . 4-Dihv<*go-3-oaco-M- (ohenv lsulf onvll -7- (trif luoro- 
methvl) -2-auinp xalinecarboxamide 

In a maimer similar to that described in 
Preparation 10a, the product from Preparation 50a is 
converted to the above compound. 

BIOLOGICAL TESTING 



Specifically, the compounds of the present 
invention have activity as antagonists at the 
strychnine insensitive glycine receptor which is 
located on the NMDA receptor complex. As such, the 
20 compounds of the present invention are NMDA receptor 

antagonists. Also, the compounds of the present 
invention have activity as AMPA and kainate receptor 
antagonists . 

For example, compounds of the invention e xhib it 
25 valuable biological properties because of these 

excitatory amino acid antagonizing properties. 

The glycine binding assay is performed as 
described by W. Frost White, et al, Journal of 
Neuroeh'" "^ a*~ry 1989;53 (2) :503-12. 
30 Selected compounds having the Formula I of the 

present invention are tested in the glycine binding 
assay and provide the following data expressed as % 
inhibition at the dose expressed as molar 
concentration . 

35 
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TABLE I 

(Page 1 of 2) 

Examp le No. Molar Cone. % Inhibition 

1 1.00E-4 89 

5 2 5.00E-5 23 

3 1.00E-4 38 

4 1.00E-4 71 
6 1.00E-4 55 
9 1.00E-4 73 

10 10 1.00E-4 40 

11 1.00E-4 85 

12 5.00E-6 53 

13 1.00E-4 55 

14 1.00E-4 64 
15 16 1.00E-4 91 

17 1.00E-4 92 

18 1.00E-4 18 

19 1.00E-4 94 
21 5.00E-5 29 

20 22 5.00E-5 25 

23 1.00E-4 36 

24 1.00E-4 68 

25 5.00E-5 90 

26 5.00E-5 75 
25 27 1.00E-4 42 

28 1.00E-4 72 

29 1.00E-4 88 
31 1.00E-4 100 
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TABLE I 
(Page 2 of 2) 



Molar Cone. % inhibition 



3Z 


1 00E— 4 


76 


o o 

33 


1 . 00E— 5 


76 


^ ji 
34 


1. 00E— 4 


81 


35 


1 00E— 4 


83 


36 




100 


37 


5 . 00B— 3 


100 


OP 


1.00E-4 


83 


40 


5 . 00E-5 


90 


41 


1 . 00E-4 


34 


42 


1 . 00E-4 


86 


43 


1 . 00E-4 


36 


44 


1 . OOE-4 


82 


45 


5.00E-5 


100 


46 


5. 00E-4 


100 



20 Additionally selected intermediates of the 

present invention also provide inhibition in the 
glycine-binding assay as follows: 
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5 



10 



TABLE II 


Preparation No. 


Molar Cone. 


% inniDition 


1 


1.11E-4 


30 


2 


1.00E-4 


o 


3 


1.00E-4 


91 


5 


1.00E-4 


88 


6 


1.00E-4 


10 


7 


1 .00E-4 




8 


1.00E-4 


0 


9 


1.00E-4 


74 


10 


1.00E-4 


65 


11 


1 . 00E-4 


23 



15 

The AMPA binding assay may also be performed to 
provide an activity profile for the compounds of the 
present invention . 

The kainate binding assay is performed as 
20 described by T. Honore et al, Neuroscience letters 

1986;65:47-52. 

Therefore, the compounds of Formula I and their 
pharmacologically acceptable acid addition salts are 
effective agents in the prophylaxis and/or therapeutic 
25 treatment of disorders responsive to agents which 

block NMDA receptors, thus forming a further aspect of 
the present invention in like manner. 
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CIAIMS 



1 . A compound of the formula 



*11 

R 12 



or a pharmaceutically acceptable base or acid 
addition salt thereof; wherein 
5 (l) Y is oxygen or sulfur; 

(2) Ra, R 2 , independently 
hydrogen, lower alkyl, halogen, trif luoromethyl, 
cyano, nitro, methylthio, lower alkenyl, lower 
alkynyl, S0 2 NH 2 , SCO^R wherein R is hydrogen or 

10 lower alkyl, OCF 3 , or two of Rj., *2, Ru/ Rj. 2 

can be taken together to form a carbocyclic ring 
of six carbons, or can be taken together to form 
a heterocyclic or heteroaryl ring wherein the 
heteroatom is oxygen, sulfur, or nitrogen, and 

15 wherein the carbon on the carbocyclic ring is 

optionally further substituted by one of Rj., R2r 

Rlif or R 12 ; 

(3) X is 7^ 

(a) .NR 6 S0 2 rV l> '' 6 
20 (b) NR^ 3 with the proviso that one of R 

and R 3 must be other than hydrogen and at 
the same time one of Rx # , R^ and *12 

must be other than hydrogen, 
(c) NR 6 OR 3 , 

25 (d) m^CONR^ 4 with the proviso that one of 

r 3 and R 4 must be other than hydrogen, 
(e) NR 6 COR 5 , 
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(f) NR 6 C0 2 R 3 / 
R 6 H 

1 1 3 

(g) N-N-C0 2 R 3 

R 6 H 

(h) N-N-S0 2 R 3 

35 (i) an amino acid residue which is 

phenylgly cine , phenylalanine , alanine, 
leucine, isoleucine, (proline/ or valine/ 
(j) lower alkyl esters of the amino acid 
residue as defined above; 

40 wherein 

i) ^R^)and R 4 are independently 

1) hydrogen; 

2) alkyl of from one to 
twenty carbons, preferably one to 

45 twelve carbons; 

3) alkenyl of from three to 
twenty carbons, preferably three 
to twelve carbons; 

4) alkynyl of from three to 

50 twenty carbons, preferably three 

to twelve carbons; 

5) aryl which is phenyl, 
indenyl, or naphthyl wherein 
phenyl is 

55 aa) unsubstituted or 

bb) substituted by one to 
five of lower alkyl or 
halogen, or 

cc) substituted by one to 
60 three of 

xxi ) tr if luoromethy 1 , 

xxii) nitro, 

xxiii) amino, 
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xxiv) mono- or di-lower 
alkylamino, 

xxv) hydroxy, 

xxvi) lower alkoxy, 

xxvii) carboxy, or 

xxviii) NHCOR 5 wherein R 5 

is independently as 

defined below f 

0 
I 

xxix) NHCOAlk^ wherein 
Alk^g is lower alkyl, 

xxx) NHS0 2 R 5 wherein R 5 
is independently as 
defined herein, 

xxxi) CN, 

xxxii) CONR 5 R 6 wherein R 5 
and R 6 are independently 
as defined herein, 

xxxiii) S(O) 0 -2* 5 wherein 
R 5 is independently 
defined herein, 

O 

xxxiv) -CR 5 ; 

6) arylloweralkyl; 

7) arylloweralkenyl; 

8 ) heterocycle ; 

9) heteroaryl; 

10) (CH 2 )gR 7 wherein q is an 
integer of one to four and R 7 is 

(A) heterocycle , 

(B) heteroaryl, 

(C) S0 2 R 8 wherein R 8 is 
hydrogen or lower alkyl and R 
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100 is independently as defined 

herein, 

(D) P0 3 R 8 wherein R 8 is as 
defined above, 

(E) C0 2 R 8 wherein R 8 is as 
105 defined above , or 

(F) NR 9 R 10 wherein R 9 and R 10 
are independently hydrogen or 
alkyl or R 9 and R 10 are taken 
together to form a heteroaryl 

110 ring; or 

/ll) an amino acid residue as X 
defined above; 





ii) 


R 5 ~ 


is 






1) 


hydrogen, 


115 




2) 


lower alkyl, 






3) 


lower alkenyl, 






4) 


aryl, 






5) 


arylloweralkyl , 






6) 


aryl lower alkenyl , 


120 




7) 


heteroaryl or 






8) 


heteroarylloweralkyl ; 




iii) 


R« 


is 






1) 


hydrogen or 



2) lower alkyl, preferably 
125 hydrogen . 

2 . A compound of Claim 1 wherein R x and R 12 are 
hydrogen and R 2 and R X1 are chloro. 

3. A compound of Claim 1 wherein X is NR € S0 2 R 3 . 

4. A compound of Claim 1 wherein X is NR^R 3 . 

5. A compound of Claim 1 wherein X is NR 6 OR 3 . 
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6. A compound of Claim 1 wherein X is NR^CONR^ 4 . 

7. A compound of Claim 1 wherein X is NR«COR 5 . 

8. A compound of Claim 1 wherein X is NR 6 C0 2 R 3 . 

9. A compound of Claim 1 wherein X is NHNHS0 2 R 3 . 
10. A compound of Claim 1 wherein X is NHNHCOjR 3 . 

11 A compound of Claim 4 which is a-[ [6, 7-dichloro- 
3, 4 -dihydro-3-oxo-2-quinoxalinyl] carbonyl] amino- 
(±) -benzeneacetic acid. 

12. A compound of Claim 3 which is 6,7-dichloro-3,4- 
dihydro-N- (methylsulf onyl) -3-oxo-2-quinoxalme- 
carboxamide . 

13. A compound of Claim 3 which is 6, 7-dichloro-3,4- 
dihydro-3-oxo-N- (phenylsulf onyl) -2-quinoxaline- 
carboxami.de . 

14. A compound of Claim 3 which is N-(butylsulfonyl)- 
6, 7-dichloro-3, 4-dihydro-3-oxo-2-quinoxaline- 
carboxamide - 

15. A compound of Claim 3 which is 6,7-dichloro-3,4- 
dihydro-N-I (4-methylphenyl) sulfonyl]-3-oxo-2- 
quinoxalinecarboxamide . 

16. A compound of Claim 3 which is 6, 7-dichloro-3, 4- 
dihydro-N-[ (2-chloro-5-nitrophenyl) sulf onyl] -3- 
oxo-2-quinoxalinecarboxamide . 
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17. A compound of Claim 3 which is 6, 7-dichloro-N- 

[ (4-chloro-2-nitrophenyl) sulfonyl] -3, 4-dihydro-3~ 
oxo— 2— quinoxalinecarboxamide . 

18. A compound of Claim 3 which is 6, 7-dichloro-3, 4- 
dihydro-N- ( 2 -thionyl sulfonyl) -3-oxo-2- 
quinoxalinecarboxamide * 

19. A compound of Claim 3 which is 6, 7-dichloro-3, 4- 
dihydro-N- [ (4-methoxyphenyl) sulfonyl] -3-oxo-2- 
quinoxalinecarboxamide . 

20. A compound of Claim 3 which is 6, 7-dichloro-3, 4- 
dihydro-3-oxo-N- [ [5- (2-pyridinyl) -2-thienyl] - 
sulfonyl] -2— quinoxalinecarboxamide . 

21. A compound of Claim 3 which is 6, 7-dichloro-3, 4- 
dihydro-N- [ (3-chlorophenyl) sulfonyl] -3-oxo-2- 
quinoxalinecarboxamide * 

22. A compound of Claim 3 which is 6, 7-dichloro-3, 4- 
dihydro-3-oxo-N- [ (3-nitrophenyl) sulfonyl] -2- 
quinoxalinecarboxamide * 

23. A compound of Claim 3 which is 6, 8-dichloro-3, 4- 
dihydro-N- (methyl sulfonyl) -3-oxo-2 -quinoxaline- 
carboxamide . 

24. A compound of Claim 3 which is 6, 8— dichloro-3 f 4- 
dihydro-3-oxo-N-phenylsulfonyl)-2-quinoxaline- 
carboxamide . 



25. 



A pharmaceutical composition comprising a 
therapeutically effective amount of a compound of 
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Claim 1 together with a pharmaceutically 
acceptable carrier. 

26. A method for treating cerebrovascular disorders 
which comprises administering to a patient in 
need thereof the pharmaceutical composition of 
Claim 25 in unit dosage form. 

27. A method for treating disorders responsive to the 
blockade of glutamic and aspartic acid receptors 
which comprises administering to a patient in 
need thereof the pharmaceutical composition of 
Claim 25 in unit dosage form. 

28 . A method for treating stroke which comprises 
administering to a patient in need thereof the 
pharmaceutical composition of Claim 26 in unit 
dosage form. 

29 . A pure compound of the Formula XII 




XII 



R 12 * 



and Rn are defined above in Claim 1 and R 6 is 
hydrogen or lower alkyl and R' 2 and R' 12 are 
independently halogen or hydrogen with the 
proviso that one of R' 2 811(31 R 'i2 is halogen. 
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V 

30. A compound of the formula (V) 



NOH 

R 12 



wherein Rj^ R 2 , and R 12 are as defined, in 

Claim 1 and Alkj.g is lower alkyl. 

31. A compound of the Formula (VI) 

O 

R i ^X^COaAllcw 
R 12 

wherein R 17 R 2/ R X1 , and R 12 are as defined in 
Claim 1 and Alkj.g is lower alkyl. 

32. A method of 1) -treating a compound of the 
Formula (VI) 



Rll^Y^M0 2 

with sodium nitrite to obtain a compound of the 
Formula (V) 



VI 
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15 



o 

>T if NOH 



JL 1 

R 12 

then 2) treating the compound of the Formula II' 2 
with hydrogen over Raney nickel followed by 
treatment with TiCl 3 to obtain a compound of the 
10 Formula (IV) 




IV 



with the compound of the Formula IV further 
3) reacted with Br 2 , n-bromosuccinimide, NaOCl, 
or 2 / 3-dichloro-5 f 6-dicyano-l,4-benzoquinone and 
alternatively saponifying this product to obtain 
the compound of the Formula (II) 




IX 



wherein R x , Bur *i2* ^d R 6 are as defined in 

Claim 1. 



33. A pure compound of the Formula (XXII) 
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wherein R x , R' 2 , R X1 , R' 12 # and R 6 are as defined 
in Claim 29. 
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AB Title compds. (I; R1JR2.rii.r12 = H. alkyl, halo. CF 3 , cyano. etc.; X = NR6S0 2 R 3 , NRSR3, 
NRSOR3. etc.; R 3 = H. alkyl. alkenyl. aryl, etc; R 6 = H, alkyl; Y = 0, S) were prepd. 
Thus. 4.6-dichloro-2-nitroaniline was condensed with CIC0CH 2 C0 2 Et and the product cyclized to 
give, after PCI3 treatment of the N-oxide and sapon. quinoxalinecarboxylate II (R 1 = CI, R 2 
= H) (III; X = OH) which was condensed with PhS02NH 2 to give III (X = NHS0 2 Ph). II 
(R1 = h. R2 = CI. X = NHS0 2 R 3 ,R 3 - W-inden-5-yl) gave 100% inhibition of glycine binding 
at NMOA receptors at 5.00 X 10~ 5 M in vitro. 
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